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For those thinking about installing a computer 


deciding whether a computer is appropriate or not: the steps 
necessary for achieving the best results where the answer is ‘‘Yes”’ 


A computer in a commercial organization 
the administrative problems that had to be faced and how they were 
overcome 


Producing 750,000 quarterly bills 


direct from meter-reading cards to the account presented to the 
customer 


Training future executives 


new technique for teaching the fundamentals of commercial 
management 


Punched feature cards 
a simple, inexpensive manual data processing system 


Leo in action as a sales administrator 


automatic financial control over bulk sales; automatic preparation 
of warehouse documents; automatic production of sales statistics 


A machine that learns from experience 
first practical use of the principle of mechanical learning 


Filing business data on magnetic tape 


making the most of the available storage capacity, thus enabling the 
computer to operate at maximum speed 


Rapid production of commercial documents 
a high-speed tabulator that can print 300 lines a minute 


Classifying information 
means whereby items and facts can be traced quickly and with 
certainty 
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For those thinking about 


The problem of deciding whether a computer is appropriate or not: the steps OIE 
O aq 66 
for the achievement of the best possible results in those cases where the answer 1s Yes 


* The senior member of the staff put in charge of the investigation is 
made directly responsible to the Board and need have no mathe- 
matical background, scientific knowledge or academic training 


* Basic knowledge is best acquired by attending a course with at least 
two manufacturers of different types of electronic computing systems 


* The mumbo jumbo of the computer world is rapidly disappearing 


* But, paradoxically, it is much more difficult to use a commercial 
computing system effectively than it is to design and build it 


* Without proper planning a computer is the fastest way of churning 
out the greatest amount of nonsense in the shortest possible time 


By R. H. Writiams, A.I.B. 


Wir the experience gained in Great Britain 
and the United States, both successes and 
failures, there is now sufficient information from 
which to suggest the best approach to the pro- 
blems that beset organizations considering the 
installation of a computer. Let us examine the 
case of a firm that has as yet taken no positive 
step in the matter, preferring to wait and see. 
The word “approach” has been used; un- 
doubtedly, “‘general approach” would be better, 
because, in all matters relating to computers, 
quite small differences in the work to be per- 
formed can mean that a different approach is 
desirable. One can, however, state that the first 


Mr. Williams is Managing Director, Computer 
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task of a Board considering the matter is to 
appoint a senior member of their staff to be 
responsible directly to them for everything con- 
cerning electronic computing. This individual 
need have no mathematical background, scienti- 
fic knowledge or academic training, but he 
should have a good working knowledge of the 
administration and organization of the company, 
be acceptable to all by reason of his personality 
and, most important, possess plenty of common- 
sense. He should have the full-time service of at 
least one assistant, preferably a young man of 
enthusiasm who, from time to time, has to be 
restrained and, having regard to the work that 
will result ere long, a capable and efficient 
secretary. In the case of a large commercial 
organization, this man will require more than 
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installing a computer 


one assistant, but the numbers should be limited 
—certainly not more than half a dozen in the 
early stages of the investigation. And obviously, 
since major decisions will be based on their 
work, none of these individuals will be placed in 
the positions because they are readily available; 
‘free’? people, one must admit, are usually 
doubtful and it is infinitely preferable that the 
company should be put to the inconvenience of 
replacing a good man who is in a responsible 
post than play fast and loose with something 
that can mean, one way or the other, an 
immense amount to the company’s future. 


Basic training 


Once appointed, these people obviously 
require some basic training. This is best 
obtained by attending a course* with at least 
two manufacturers of electronic computing 
systems. The systems chosen should be ones 
which employ different input/output media, 
such as magnetic tape or punched cards plus 
punched paper tape. As a rule, these courses 
last about six weeks, and the majority of the 
organizers provide a confidential report on the 
aptitude of those participating and the know- 
ledge they have gained. 

In addition, those appointed should be 
allowed to call for specialist assistance relative 
to the particular needs of their company, either 
from the manufacturers of computers or from 
consultants specializing in computer applica- 
tions. As a result of these preliminaries and a 


*Information regarding computer courses was given in the 
article ‘“The Computing Service,” pages 4 to 9 of 
Data Processing, January-March, 1959. 
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study of this journal, they should have sufficient 
working knowledge of computers to be able to 
assess that the information given to them makes 
sense, and be able to understand and judge 
what they are told. 

Whatever may be thought the mumbo jumbo 
of the computer world is rapidly disappearing. 
The most important things, from the user’s 
point of view, are to concentrate on what the 
computer can do in the individual business and, 
what is extremely difficult to decide, put first 
things first. 

Paradoxically, it is much more difficult to use 
a commercial computing system effectively than 
it is to design and build it. This is not to suggest 
that there are not problems of design and 
development in the computer field still to be 
overcome, but the need now is liaison between 
those who design and make and those who can 
use and gain. 

From what has been stated it is obvious that 
if after the investigation the company comes to 
the conclusion that it cannot use a computing 
system effectively, there will have been a con- 
siderable investment, all apparently in a nega- 
tive direction. Apart from sheer cost, there has 
been the diversion of effort, the transfer of 
personnel and, in important degree, upset. But, 
at the worst, the whole subject has been 
explored, it has been made obvious to all con- 
cerned that the firm is alive and the investiga- 
tion has revealed what the firm wanted to know, 
that is, whether the new-fangled ideas are 
worth while or not. As we all know, negative 
can be positive. 

But let us assume that the initial investiga- 
tions suggest that there is something worth 
while to be achieved. The team deputed for the 
task has contemplated the whole of the organiza- 
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tion on the widest possible basis, without regard 
for existing departmental barriers, and it has 
taken as the criteria the following :— 


What data are to be handled. 


What the end requirement is—the aim— 
disregarding departmental methods and 
barriers. 

Whether, pitching their thoughts still higher, 
they should seek to achieve what has not been 
possible in the past but, with a computer 
installation, may be possible now. 


After committing the overall picture to a 
diagrammatical form the team should set about 
defining a major portion of the work that is 
repetitive and simple in character. ‘They should 
aim at carrying out this portion of the work by 
means of a computing system, leaving suitable 
“ends” so that at a later date other work can be 
included, thus meeting the company’s overall 
requirement. 

A word of warning here: while it is desirable 
to transfer on to a computer as large a portion 
of the work as possible, this portion should not 
be so big as to be indigestible. 

All this planning, of course, will take time. 
Concurrently, the team should be studying 
what computing systems are available and 
their general potentials, paying particular 
attention to cost, availability and _ reliability. 
Speed of operation, although important in some 
contexts, 1s, as far as commercial work is con- 
cerned, a secondary consideration. Let it be 
added here that without proper planning a 
computer is the fastest way of churning out the 
greatest amount of nonsense in the shortest 
possible time. Only significant data should be 
printed not all data just because the informa- 
tion has been provided in the past. 


Choice of computer 

At this stage it is appropriate to invite, say, 
three computer manufacturers to submit their 
proposals independently and then, if these 
proposals are generally acceptable, to discuss 
the merits and de-merits of each proposal with 
the individual manufacturer. As a result of this, 
it will probably be time to recommend to the 
Board that a chosen manufacturer should pro- 
gramme a portion of the work and demonstrate 
this work on a computing system. 

It is at this stage that the team will obviously 
be assuming a heavy responsibility. A mis- 
calculation in advising on the purchase of a £50 
typewriter is a very different state of affairs 


68 


from advising a Board to spend £200,000 on a 
computing system. As a safeguard, an indepen- 
dent management consultant might be called 
in to discuss the findings with the team or, 
alternatively, the Board itself may like to have 
an independent opinion on the findings of its 
team. Either way, obviously, it can be wise to 
get a second opinion. 

Following a satisfactory demonstration, a 
firm order will be placed and all preparatory 
work set in hand to implement the system. ‘This 
means initially employing a staff of program- 
mers, who have to receive a more comprehen- 
sive training by the computer manufacturer 
than was necessary for the original investigating 
team. 


Preparing programmes 


Programming should, ideally, be done well in 
advance of the installation as a joint effort by 
the manufacturer and the intended user’s own 
programming staff. The programmes should be 
tested and corrected on the manufacturer’s 
service computer, so that when the user’s own 
installation is delivered, the system can be put 
into operation as quickly as possible. 

When the installation is running and working 
satisfactorily, the programmes will still require 
to be improved upon, but this should be dealt 
with in the light of day-to-day experience. In 
addition, the work which was left out of the 
original general plan will need to be added to 
the system. No doubt over a period of years 
most of the organization’s data processing 
activities can be transferred to the system. This 
is inevitably a rather slow procedure and it is 
definitely advisable to make haste slowly. 

Programming a computing system is relatively 
simple. Designing the system to cater for the 
hundred and one things which human beings, 
who operate the system, will inevitably do is 
not an easy task. It is imperative that the work 
should not be loaded in such a way as to leave 
little margin for safety. However effective a 
system may be, if one of the operators is not 
concentrating upon the work, then inevitably 
the system is going to suffer and this state of 
affairs has to be allowed for. 

We are still at the beginning of this new 
evolution, and we can expect great things during 
the next few years. But if we are to achieve 
these considerable changes with as little heart- 
ache as possible, then it is essential that above 
all we should maintain our sense of proportion, 
as well as our good humour and common-sense. 
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Control panel of the Ferranti Pegasus computer in the Mathematical Service Section, which is responsible for the 
5 : : v 
actual operation of the conputer 


A computer in a commercial 
organization 


The administrative problems that had to be faced and how they were overcome 


By P. G. BARNEs 


Having decided to install a Ferranti Pegasus computer the de Havilland 

group of companies was faced with the task of building up an administrative 

structure which would not remove any of the responsibilities of the user 

departments or offend their susceptibilities, yet would ensure full use of the 

new facilities. Once the idea of electronic computing had been accepted, the 
required volume of work was soon forthcoming. 


I. January, 1956, an order was placed by 
The de Havilland Aircraft Co., Ltd., for a 
Ferranti Pegasus computer which was delivered 
in September, 1957. A special department was 
created to organize and administer all computer 
operations and was given the name ‘‘Mathe- 
matical Service Section.”? This name provides 
the key to the position the computer occupies in 
the organization. The computer is one of the 
tools the section uses to implement the service. 
It is a servant of the mathematical section, not 


Mr. P. G. Barnes is head of the Mathematical Service 
Section of The de Havilland Aircraft Co., Ltd. 
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its master—and this is the correct context in 
which to regard an electronic computer. Great 
antipathy is often created by the very mention 
of the words electronic computer because of the 
belief that powerful machines tend to run the 
men, rather than the men run the machines. 
Hence, in introducing a computer into an 
organization, one of the major tasks is to con- 
vince other departments that the newly created 
computer section is not there to remove the 
responsibility for decisions from anyone, but 
only to help the individual in his job. In this 
connection it should be pointed out that it is 
not necessary to be a mathematician or an 
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electronic engineer to understand the capabili- 
ties of a computer. One famous mathematician 
remarked succinctly that he did not understand 
the working of his digestive system, but this 
did not prevent him from eating as he certainly 
knew his system’s limitations. 

The computer was obtained mainly for 
technical work, but it has also been employed 
successfully on commercial work, and from this 
April it will be used to compile the weekly staff 
payroll. Financial savings will not be great in 
this particular application because data will be 
entered on punched paper tape and results will 
be recorded at 33 characters a second, also on 
paper tape. However, the experience gained will 
be considerable, and will be used to assess how 
the system needs to be expanded to cope with 
commercial work. Superannuation and _ staff 
budgets have already been calculated on the 
computer and recently a programme to control 
a spare-parts schedule was demonstrated to the 
production management of the company. 

Between the order for the computer being 
placed and its delivery, many questions of 
organization had to be decided. The basic con- 
ditions laid down were that the machine was to 
be used by three companies—The de Havilland 
Aircraft Co., Ltd., de Havilland Propellers, Ltd., 
and the de Havilland Engine Co., Ltd., and was 
to be owned by the Aircraft Company. Each 
company would have its own programmers— 
the people who prepare the detailed operating 
instructions for the machine. At no time was the 
question of establishing one programming group 
to undertake the work for all three companies 
considered. The computer was to be made 
available to the Propeller and Engine com- 
panies on a service basis. 


| ENGINE CO. | 
| PROPELLER CO. | 
] 
OFFICE OFFICE 
MATHEMATICAL SERVICE SECTION | 


| PEGASUS COMPUTER | 


Four main groups within the de Havilland organization 
use the facilities offered by the Mathematical Service Section 


AIRCRAFT CO. 


70 


This covered the broad organizational aspects ; 
thus the tasks left to the Aircraft Company were 
to form a department to run the computer and 
to provide a programming section for its own 
needs. 

Before the exact structure of the computer 
department could be determined, a study had 
to be made of the various stages through which 
a problem passed; this meant seeking answers 
to the following eight questions :— 


Who originates the problem? 

Who decides if it is worth while solving on a 
computer ? 

Who provides the formal mathematical solu- 
tion to the problem? 

Who breaks down the solution into a form 
suitable for the computer ? 

Who translates the solution into a form suit- 
able for the computer ? 

Who provides the data necessary to check the 
programme created ? 

Who accepts responsibility for the answers ? 
Who prepares the data and confirms the 
accuracy ? 


In addition, the computer department created 
would have to be able to cope with the following 
types of problem: straightforward numerical 
calculations, more complex problems involving 
numerical analysis, calculations for research 
where the computer would be used as a tool to 
help find the correct solution, and calculations 
where the problem had first to be arranged so 
that it could be done by the computer. Calcula- 
tions of this last type are those at present solved 
by the use of tables, graphs and desk calculators. 

At all times the question of who was to accept 
final responsibility for the answers was kept very 
much in mind. This question is more complex 
than it might appear at first sight. It was 
decided that, with a wide range of industrial and 
commercial work to be performed on the com- 
puter, it was impossible for one group of people 
to understand both the physical significance of 
the problem and the methods used on the 
machine to solve it. Obviously, a specialist in 
one branch of the company cannot usually 
spare the time to learn all about computers, any 
more than a programmer can spare the time to 
understand the full significance of the problems 
he arranges for the machine. 

Hence the Mathematical Service Section’s 
responsibilities are to advise on mathematical 
methods and to have executive control of the 
computer. In dealings with other departments, 
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the secuon provides as one of its services the 
distribution of information on the potential uses 
of Pegasus and data processing methods in 
general and assists in developing computing and 
related techniques. In this the section acts in an 
advisory capacity. When, however, any schemes 
are being tried out on the computer, the section 
exercises executive control. 

As a result of the advisory responsibilities 
given to the section, it is necessary that all the 
staff possess mathematical qualifications and, 
because, in addition, they will also be respon- 
sible for running the computer, they need to be 
fully qualified programmers. Consequently, the 
staff was recruited from university mathematics 
graduates. A chief mathematician was appointed 
and he was made responsible to the section head 
for all questions of mathematical methods and 
programming techniques. The section head was 
made responsible for the general administration 
of the section, maintenance staff, training 
schemes and liaison with other departments. In 
addition, a librarian was appointed to organize 
the day-to-day running of the computer, and a 
number of tape punch operators were engaged 
to transcribe data on to the paper tape used for 
computer input. 


ASSISTANT CHIEF AERODYNAMICIST 


HEAD OF MATHEMATICAL 
SERVICE SECTION 


| 
| | | 


LIBRARIAN CHIEF COMPUTER 
MATHEMATICIAN MAINTENANCE 
ENGiNEER 
PROGRAMMERS 


Organization of the Mathematical Service Section 


Now the answers te the eight questions 
originally formulated could be given in a 
precise form. 

All problems would originate from other 

departments. 

After joint discussions, the Mathematical 

Service Section would decide whether or not 

it was worth doing on the computer. 

The department originating the work should 

provide the formal mathematical solution. 

This would be broken down and translated 

into the language of the computer by the 
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Mathematical Section, who would assume 
full responsibility for the programme com- 
piled. 

Data and answers necessary to test that the 
programme performed the calculation cor- 
rectly would be provided by the originating 
department and the Mathematical Section 
would carry out the check. 

Responsibility for validity of results would 
rest with the originating department. 
Accuracy of the original data supplied would 
be the responsibility of the originating 
department, although the accurate tran- 
scription of this data into punched tape 
would be the responsibility of the Mathe- 
matical Service Section. 


Responsibilities of user departments 


By making the user departments responsible 
both for original data and the validity of the 
results, full control of the work remained with 
those departments. But the adoption of this 
arrangement meant, in turn, that there had to be 
close contact between the Mathematical Section 
and all the other departments. It was also 
desirable that anyone having a potential pro- 
blem for the computer should know something 
about the methods of using a computer. 
Accordingly a series of lectures for departmental 
heads was held in order to show how problems 
are broken down into their constituent parts 
ready for translation into the language of the 
machine. 

In addition, some idea was given of the 
capabilities and limitations of a computer. ‘The 
policy was to make knowledge of the computer 
freely available to all. Once the idea of electronic 
computing had been accepted, the required 
volume of work for the computer was soon 
forthcoming. 

Eighteen months’ experience of operating the 
computer within this administrative structure 
has shown that the original ideas were sound. 
It has also shown that when placing a new 
problem on the machine it is undesirable and 
unnecessary to adhere too strictly to the 
procedure just described. 

Once the idea of thinking in terms of a 
computer has caught on in a department, the 
task of the Mathematical Section becomes 
easier because problems are then presented in a 
form which experience has shown to be most 
suitable. In these cases the Mathematical 
Section only has to programme the problem and 
accept responsibility for this part of the work. 
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Tape editing equipment. On the extreme right is a tape reading machine that can read two or more tapes 
simultaneously and confirm that they contain identical data 


At present, this arrangement has not been 
extended to allow departments to compile their 
own programmes except when the problem 
comes within the scope of an automatic pro- 
gramming code, of which more will be said 
a little later. 

However flexible the procedure, two funda- 
mental conditions are always maintained: the 
Mathematical Section is responsible for pro- 
grammes, the originator is responsible for the 
results. Acceptance of these two points requires 
the preparation of a document which, experience 
suggests, is the crux of the whole matter. This 
document contains a full statement of the 
problem. The preparation of such a document 
usually takes longer than the time to programme 
the problem for the computer. 

Generally, the head of the department 
requesting the work discusses it with Mathe- 
matical Service Section and, if it is considered 
a worth while job for the computer, two people, 
one from each section, are given the task of 
preparing the full statement. This initial effort 
may not be in a form immediately suitable for 
computer programming, but the advantage of 
having a programmer assist in its preparation is 
that he gets a good grasp of the problem and, 
since he understands the general advantages and 
limitations of the computer, he can ensure that 
the benefits are fully exploited. If the initial 
statement of the problem is not suitable, as 
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often happens when an existing manual pro- 
cedure is mechanized, a second statement, 
based on the first, is prepared showing how the 
job will be tackled on the computer. - 

After a programme has been prepared and 
fully checked it is put into the computer library 
and a set of operating instructions compiled so 
that any machine operator can run it. If the 
programme is to be used frequently, a printed 
data sheet is also prepared. The layout of this 
varies from programme to programme, but the 
idea is to eliminate data being written on odd 
scraps of paper (as does happen!) and to ensure 
that nothing is omitted. The use of these forms 
is a great help when transcribing the data on to 
tape and saves many errors. In this connection, 
experience has shown that skilled tape punchers 
very seldom punch a wrong number unless the 
character is badly written. Indeed, most tape 
errors can be traced to bad presentation of data 
rather than to errors made by the operators. 

The use of an automatic programming code 
requires a different approach. Such a code®* is a 
method of writing programmes for the com- 
puter in a comparatively simple form. It can be 
learnt in two or three days and can be used by 
people with no previous knowledge of com- 
puters. The disadvantage of such a scheme is 


*See “Automatic Programming,” pages 26-29, Data 
Processing, January-March, 1959. 
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Transcribing commercial information—in this case, superannuation fund contributions—on to punched 
paper tape, the medium used to feed data into the computer 


that a given problem may take twice or ten 
times as long to run on the computer as would 
otherwise be the case. Its use, therefore, is 
confined to non-recurring problems where 
lengthy programming time would not be worth 
while economically. 

Provided that the person using the automatic 
programming code sticks to the limitations of 
the scheme, all is well, but if he tries to extend 
or modify the code in any way, difficulties may 
easily arise. 

Testing programmes of this type on the 
computer can also be difficult, and in orde: to 
avoid these troubles a skilled programmer is 
always available to help. 

As stated earlier, a librarian is responsible for 
organizing the day-to-day running of the com- 
puter. Her job is to organize the queue of work 
waiting to go on the computer and to arrange 
for people to be ready to use the machine as 
soon as the previous operator has finished. 
There are four separate groups using the 
computer, three of them on a service basis. 
Regular bookings apply to these groups and the 
remaining time is used by the Aircraft Company. 

In addition to these standard bookings, four 
periods of half-an-hour duration are kept each 
day for programme testing. There are about 
forty programmers using the computer, and one 
of the administrative problems is to keep enough 
time free during normal working hours so that 
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programme testing and urgent jobs are not held 
up. Wherever possible, this is achieved by 
allowing computing runs of only 30 minutes’ 
duration or less to be put on the machine 
throughout the day. 

In general, the programmers are very good at 
estimating the amount of computer time 
required for a given job, but any odd time avail- 
able between scheduled runs is filled in by 
programme testing or by taking work from the 
queue. The evening and night are used for long 
runs and for any excess work left over from the 
day. Programmers work one evening shift each 
per week and, when it is necessary, apprentices, 
seconded to the section for periods of three 
months, run the computer through the night. 

De Havillands’ experience is that long runs 
during the day are uneconomical and result in 
inflexibility. Programme testing is held up and 
urgent work delayed. Long runs are more 
suitable for evening and night operation and are 
less tiring for the operators. Incidentally, twenty 
or more people may operate the computer 
during the day, but only two are necessary 
throughout the night. 

Operating a computer within this type of 
administrative structure has proved entirely 
successful and, as stated, there is the advantage 
that it does not remove any of the responsi- 
bilities of the user departments, offend their 
susceptibilities, or detract from their status. 


Producing 750,000 quarterly bills 


Direct from meter-reading cards to the account presented to the customer: mechanization 
that, it is thought, will save not less than £50,000 a year: a detailed description of the 
Eastern Gas Board’s pioneer work at its new central billing office 


The system adopted by the Board is based on the fact that pencil lines drawn 
on the meter readers’ cards can be sensed by the control mechanism of a 
card punch. This mark-sensing eliminates manual transcription. Hence 
the system conforms with that unwritten law of data processing, ‘‘All signifi- 
cant data should be captured at source”’. The other punched card equipment 
comprises an electronic calculator, a collator, sorters, a reproducing and 
mark-sensing punch, an interpreter, card punches and accounting machines. 


| hae and issuing all the quarterly bills 
for 750,000 customers from one central office 
is the aim of the Eastern Gas Board. The area 
administered by the Board embraces the whole 
of East Anglia, extends westward to just beyond 
Watford and goes north-west as far as Peter- 
borough. At present about 17 per cent of the 
total number of accounts in this area are hand- 
led at the central billing office situated in Wood 
Green, London. By June, 1960, all the billing, 
it is intended, will be done from this one office. 
About 2,000 documents are now prepared 
each day and, when all the work is transferred, 
this will rise to 10,000 a day. In the past the 
preparation of the bills was done at 80 local 
offices. Needless to say, automatic machinery is 
required for the major clerical task that is under 
way, and the office is equipped with a range of 
IBM punched card machines, including an 
IBM 604 electronic calculator on which all the 
necessary arithmetical work is performed. 
Many advantages will accrue from this re- 
organization of clerical work, of which, of 
course, the most important is a reduction in 
administrative costs. At this stage, naturally it is 
difficult to predict with certainty the savings, 
but it is estimated that costs will be reduced by 
not less than £50,000 a year. In addition, 
because the work is centred in one office the 
system of charges made to customers will be 
standardized throughout the area and much 
more statistical data on which to base policy 
decisions will be made available to manage- 
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By June, 1960, all the quarterly bills for customers in this 
area will be prepared by one office situated at Wood Green 


ment. Also, quarterly bills will be distributed 
to customers more quickly which, in general, 
will mean that they will be paid earlier and, in 
consequence, the interest on the Board’s working 
capital will be reduced. 

Concurrently with the introduction of centra- 
lized billing, the method of reading meters is 
being changed. Instead of recording the meter 
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The central billing office of the Eastern Gas Board prepares 2,000 documents a day. Next year this will increase to 10,000 


reading in writing, the meter reader marks a 
punched card with a soft pencil. These pencil 
marks are then automatically converted into 


? 


punched holes in the card by an IBM 519 
“mark-sensing’’ machine. Adoption of this 
method means that there is no need to employ 
an operator to transcribe the same information 
from a hand-written document on to punched 
cards. 

The services provided to customers by the 
Gas Board can be listed under four headings: 
supplying gas, supplying coke, providing gas 
appliances either by direct sale or under hire- 
purchase agreements and the fitting and main- 
tenance of appliances. Charges are levied for 
these services quarterly or intermittently depend- 
ing upon the nature of the service given. 

Hire-purchase charges and the bill for gas 
consumed are prepared once a quarter, but 
bills for fitting are presented for payment on 
completion of the work and bills for coke are 


given to the customer when delivery is made. If 


these last two charges happen to coincide with 
the preparation of a bill they are included on it. 
Obviously there are many aspects to the data 
processing sequence devised for preparing these 
quarterly bills, but in this article attention will 
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be concentrated upon the methods used to deal 
with the information concerning gas supplied. 
Each meter reader is provided with a specially 
designed punched card holder that can accom- 
modate up to 200 punched cards. There is one 
punched card for each meter to be read and the 
cards are arranged in the order in which the 
calls will be made. As the meters are read the 
cards are placed in a separate compartment at 
the back of the card holder. Normally one man 
makes from 100 to 150 calls each day. 


Meter-reading card 


Along the top of each card—automatically 
printed from the cards for the previous quarter 
—is the account code number, and the custo- 
mer’s name and address. Also printed are the 
previous meter reading and the consumption of 
gas in the previous four quarters so that a com- 
parison can be made at the time the reading is 
taken and any large variations in supply can be 
queried on the spot. In addition, the last three 
digits of the meter serial number are’ entered 
on the card for identification purposes, also a 
district code number and a sequence number 
specifying the order in which calls are made. 
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Hire Arrears 


Meter reading cards 
Coke Fitting purchase _— cards 


marked by readers 


Received from 
regional offices 


Cost of gas supplied 
calculated on 


IBM 604 


Cards’ marks sensed 
and holes punched 
on IBM 519 


Meter reading cards collated 
with other charge cards by 
JBM 077 


Name and address cards | 


Total 
Arrears 
cards 


IBM 523 
punches 
total card 


Printing customer 
bills on IBM 441 


Bill to customer 


Meter reading 

cards for next 

quarter returned Two carbon copies 

to regional offices of bills for central 
and regional offices 


Cards sorted into separate 
groups by IBM 082 


Name and address 
and data printed on 
meter card by 
IBM $52 


Meter reading cards 
for next quarter 
reproduced on 

IBM 519 


Meter Hire Arrears 
reading Coke Fitting purchase cards 


Data processing sequence Sor preparing quarterly bills. Charge for gas consumed is calculated from a marked meter-reading 
card. This card is collated with other charge cards and from these the bill is printed automatically 


A meter-reading card is shown in the illustra- It will be noticed that the area covered by 
tion. Columns 16 to 30 are the ones in which the these columns already contains punched holes. 
reading of the meter has to be recorded. Each These holes record information not concerned 
meter reader is provided with a special pencil with the actual meter reading—in point of fact 
containing a thick soft lead. The grade used is they record statistical data. It will also be oe 
4B. With this pencil the reader strikes a heavy that the lozenge-shaped blocks which have to be 
line through the lozenge-shaped areas contain- marked by pencil are situated between the 
ing the appropriate printed figures. In the card lines of punched holes. Consequently, when the 
shown the meter reading recorded is 20984. marks are sensed by the IBM 519 the punched 
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holes do not interfere with the operation of the 
machine. The marks on the card are sensed 
electrically. A group of three electrical contact 
brushes is passed down each column. The central 
brush of the group is connected to the positive 
side of an electrical circuit and the outside 
brushes to the negative side. The graphite 
deposited from the pencil being a conductor, 
when a mark is encountered by the brushes, a 
current will flow between the central brush and 
either one, or both, of the outer brushes. The 
electrical signal initiated in this way identifies 
the mark and sets the mechanical punch. 
Numbers read from the card are then punched 
into the same card in columns 34 to 38. 

The machine can be arranged so that data 
sensed as marks in one area of the card can be 
punched into any other area. Cards are mark- 
sensed at the rate of 100 cards a minute. 

Mark-sensing depends, of course, on the 
marks being made sufficiently bold for them to 
be detected with certainty in the mark-sensing 
machine. Initial experience has shown that 
once the meter readers become accustomed to 
recording readings in this way, badly marked 
cards fall to less than one per cent. When the 
scheme is in full operation, an average of 5,700 
readings will be made each day. 

The now-punched meter-reading cards are 
passed on to the IBM 604 electronic calculator 


F 55 ii Ste ns and data are fed in and answers are received 
Each meter reader 1s provided with a special holder containing i amok MV . : 
the cards arranged in the order in which the calls are to be from it through an IBM 521 punching unit 


made. A 4B pencil is used to record the meter reading coupled to it. Cards are read at the rate of 100 a 
minute and the answers are punched into the 
same cards that contain the factors of the 


Meter-reading card. The reading 20984 is marked in 
columns 16 to 30. When mark-sensed the same data are 
converted into holes punched in columns 34 to 38 
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Mark-sensing meter-reading 


cards in an IBM 519 at a 
speed of 100 cards a minute 


calculation. The action of the calculator is 
controlled by a wired pane] on which up to 70 
different programme steps can be set up. Control 
panels are changed, or rewired, every time the 
calculator is required to perform a different 
calculation. All the calculations necessary for 
converting the volume of gas consumed into a 
cost to be charged to the customer are done in 
one operation. The cards are fed into the 
IBM 521 connected to the calculator and the 


sequence of events is as follows:—First, the 
previous meter reading (columns 39-43) is 
subtracted from the present reading (34-38) and 
the answer, gas consumed measured in cubic 
feet, is punched into columns 44 to 49. Gas 
consumed is then multiplied by a factor repre- 
senting the calorific value of one cubic foot of 
eas and the result in therms is punched in 
columns 50 to 54. 

This calorific value factor will remain constant 
for all cards obtained from one district, but as 
the calorific value of gas supplied can vary from 
district to district the factor has to be altered to 
suit. Hence, before the cards from a particular 
district are passed through the calculator a 
special card containing the appropriate calorific 
value is entered. The calculator reads this card 


Calculations of price to be charged 
for gas are performed on an IBM 
604 electronic calculator. On the 
right is the IBM 521 punch con- 
nected to the calculator. All input 
and output data for the calculator 
proceed through the punch 
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and stores the factor internally and applies it 
during the calculations on the batch of cards 
that follows. The computation ends with a calcu- 
lation that assesses the amount to be charged, 
taking into account the particular tariff rate 
under which gas is being supplied to the custo- 
mer. Value of gas supplied, recorded in £ s. d., 
is then punched in the final columns of the 
card (75-80). 

It should be emphasized that the entire 
calculation sequence just described is performed 
in one operation and that all the answers 
required—gas consumed, thermal value and the 
cost—are punched in the card simultaneously. 
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under these headings are received at the central 
billing office as various printed and_hand- 
written documents. ‘The appropriate data are 
transcribed from these documents on to punched 
cards by girls who operate manually IBM 024 
and IBM 056 card punching machines and 
verifiers. Verification, of course, is a similar 
operation to card punching and is done to 
confirm the accuracy of the transcription. Some 
charges, such as hire-purchase instalments, will 
remain the same from quarter to quarter and 
consequently once a card has been created for 
this charge the card can be automatically 
reproduced and carried forward from quarter to 
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Arrears cards are among the four types of charge cards collated with the meter-reading cards previous to printing the bill 


The cards are then run through the calculator 
for a second time to check the accuracy of the 
calculations and punchings that were made 
during the first run, and also to punch a block 
number in column 26. This block number is 
required for various statistical and checking 
purposes. 

A stage has now been reached where all the 
various charges relating to each customer have 
to be collected together so that the complete 
bill can be prepared. It will be remembered that 
the remaining three services which customers 
might or might not use are fitting, hire-purchase 
and the supply of coke. Charges assessable 
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quarter. Manual transcription of data on to 
cards, therefore, only has to be done for new or 
non-recurring items. 

The three groups of cards listing the amounts 
to be charged for coke, fitting and hire-purchase 
are sorted into account-number order, together 
with arrears cards brought forward from the 
previous quarter. All these sorted cards are 
next merged with the meter-reading cards by 
passing them through an IBM 077 collato’. A 
collator will feed cards in sequence from two 
input hoppers to produce one complete pack of 
cards arranged in the correct order. In this the 
meter-reading cards recording gas consumed are 
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Bills are printed on continuous stationery by an IBM 441 machine. Two close-line-spaced carbon copies are also produced 


interposed among the previously sorted cards so machine. In one hopper are placed all the 
that all the cards relating to one account number charge cards and in the other, cards from the 
are brought together. The collator works at a customer name and address file. These latter 
speed between 240 and 480 cards a minute. The cards are in the same order as the charge cards. 
complete pack of cards, now arranged in correct Name and address information is read from the 
account-number order, is then taken to an customer-address card and printed on the top 
IBM 441 accounting machine. This prints the left-hand corner of the bill, and the individual 
bills to be sent to the customers. Two input charges for the various services used are read 
hoppers are provided on the accounting from the sequence of charge cards related to that 


Quarterly bill. When payment is made the remittance slip on the right is returned to the central billing office 


eed 


EASTERN GAS BOARD 


Postal remittances should be sent to the address on this account or the account may be paid by personal call at 


any of the Board's offices, showrooms or agencies. Cheques, Postal and Money Orders should be made payable to 
WOODALL HOUSE, WOOD GREEN, N.22 the Eastern Gas Board and crossed ‘‘ A/e Payee only."’ Where payment is made other than by cheque please send 
or bring this account complete with the remittance slip so that the Board's official receipt may be issued. 
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The Therms charged (calculated to two decimal places) may be 
verified by multiplying the number of cu. ft. by the declared 
calorific value and dividing the product by 100,000. Example © For an explanation of Charge ¢ 
Gas consumed 


for Gas, see reverse side. 
4,200 cu. ft. x 490 + 100,000 = 20.58 Therms. 


E = ESTIMATED METER READING 


_.................... 


account. Charges are listed underneath each 
other on individual lines and a total, auto- 
matically summed by an adding register in the 
accounting machine, is printed at the foot of 
the bill. 

At the same time that the bill is printed, two 
close-line-spaced carbon copies of the document 
are made. Close-line spacing is achieved by 
feeding the two copy papers with their carbons 
at a lower speed than the top printed copy, the 
customer’s bill. 

A full printed description of each item is 
given on the bill in addition to the cost, so 
customers do not have any difficulty in under- 
standing the bill. On the extreme right of the 
bill the data are repeated, less printed descrip- 
tions. This portion of the bill, the remittance 
slip, is torn off when payment is made and 
returned to the central billing office as a record 
that the money has been received. 

An IBM 523 summary punch is connected to 
the accounting machine during the bill-printing 
operation and the amount due for payment is 
punched into a card called a total arrears card. 
One card is punched for each customer. These 
total arrears cards are held on file. As payments 
are made, the remittance slips will be returned 
to the central billing office and the arrears cards 
corresponding to the slips are removed from the 
file. Where only partial payments have been 
made, the amount paid is recorded on the cards 
by pencil marks. The cards are then mark- 
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YMENT BY CHEQUE. If you pay this account by cheque 
ase detach this remittance slip at the perforation 
J send or bring it with your cheque retaining the 
ailed account for reference. Unless specifically requested, 
» Board will not issue receipts for payment by cheque. 
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sensed and punched and fed through the IBM 
441 accounting machine so that payment lists 
can be compiled and agreed with banking 
returns from the collecting offices. A summary 
punch connected to the accounting machine 
punches a balance card giving the net amount 
still owing and these cards become the new 
total arrears cards that will be carried forward 
to the next quarter’s billing operation if no 
further payment is made. 

All the original charge cards, after they have 
been used to produce the bills, are segregated 
into their respective service groups—coke, fit- 
ting, hire-purchase and so on—and are then 
used in other data processing procedures to 
produce significant statistics for the Ministry of 
Power, the Gas Council and the Area Board 
itself. 


Preparing new meter-reading cards 


One more important operation has to be 
performed with the meter-reading cards. New 
meter-reading cards will, of course, be required 
for the next quarter and these are auto- 
matically reproduced from the present cards. 
The IBM 519 machine is used for this work as 
well as for mark-sensing. Much of the data 
recorded on the present card, although needed 
on the new card, must be repositioned. For 
instance, the present meter reading has to be 
reproduced in the card for the next quarter as 
the previous meter reading. Also, the consump- 
tion figures for previous quarters have all to be 
moved forward one quarter to keep them in the 
correct corresponding positions. All this is done 
automatically once the panels that control the 
operation of the machine have been correctly 
wired up. 

The data reproduced are entered as punched 
holes in the new cards. The same data are 
printed along the top of the cards by passing 
them through an IBM 552 interpreter. This 
interpreter reads data as holes punched in a card 
and prints this information on to the same card 
in the required positions entirely automatically. 
The interpreter operates at a speed of 60 cards 
a minute. 

At the conclusion of this operation all the 
meter-reading cards needed for the next quarter 
will have been prepared; they are then stored in 
the regional offices until required for issue to the 
meter readers when the next calls are due to be 
made. Not all the customers who are supplied 
with gas by the Eastern Gas Board are credit 
customers. The number is approximately 330,000. 
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The remaining 420,000 customers use coin 
meters, so no gas charges have to be computed 
for these. However, both types of customer use 
the other services for which quarterly bills have 
to be prepared. 

Of course, the description just given does not 
cover all aspects of the work embraced by the 
central billing office. Among these is an interest- 
ing method of feeding data about new customers 
into the general system using Creed teleprinters 
and an IBM 143 punched tape to card con- 
verter. Also, final notices are prepared using the 
cards in the total arrears file in conjunction 
with the name and address file. 

The system is comprehensive and performs all 
the necessary clerical work required to maintain 
control over billing. Perhaps the most revolu- 
tionary innovation, certainly as far as a public 
utility is concerned, is the adoption of mark- 
sensing to record meter readings. Indeed, it is 
thought that the Eastern Gas Board are the first 
people to use mark-sensing for this purpose in 
Great Britain. The virtue, of course, is that it 
eliminates manual transcription of data and 
thus conforms with that unwritten law of data 
processing—‘‘All significant data should be 
captured at source.” 
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Wired panels, which can be easily changed, 
control the operation of the machines 


Fitting a control panel to an IBM 552 
interpreter that prints the data on cards 


Training future executives 


Many have heard or read about the electronic computer-based exercise 
called ‘“‘The Management Decision Game’’. They know that its object is to 
assist in preparing junior and middle management for the responsibilities 
that one day it will have to carry. But what, in all probability, top manage- 
ment does not know for certain is whether the game is of any real value and, 
if it is, where it can be played, the time involved and what the cost is. 

This article not only enables individual managements to assess the value 
of the new method of training, but also answers all the other salient questions. 


le work that seems dull could be made an 
intriguing, competitive game—a game that 
could be played .... Often management has 
thought on these lines, and obviously it is the 
lines on which the originators of the Manage- 
ment Decision Game were thinking when they 
developed the training aid recently introduced 
into Great Britain by IBM United Kingdom, 
Ltd. One day more sophisticated versions of the 
game may be developed. In the United States 
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Three teams, representing the Boards of three firms, play the 
game. Each firm sells products in its own home market, a 
common market and also in the home markets of its two rivals 
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they are seeking to simulate true economic con- 
ditions, albeit crudely, but with sufficient 
accuracy for future general economic trends, 
and their effect, to be determined. This may be 
achieved eventually. However, for training 
purposes there is already something tangible in 
the basic notion that a mathematical relation- 
ship exists between the various economic factors 
controlling the pattern of trade. 

In the game that has been devised there are 
three teams acting as the Boards of three 
separate companies, each manufacturing and 
marketing a similar product. None of the 
companies is in good heart—which is probably 
wise from the psychological angle. A typical 
starting condition is the end of a financial year 
in which there was a net income of £114,000 on 
a capital investment of £16,064,000. Other 
criteria at the time of the “‘take-over’’ are that 
all three companies are selling their products at 
a price per unit of £40 and that there are four 
markets open to each company. Three of these 
four markets are the home areas in which the 
individual firms are situated. Hence each firm 
has an area in which it has an advantage over 
its competitors and two areas in which one or 
other of its rivals is at an advantage. The fourth 
area constitutes a ““common’”’ market. 

Each Board is given information on the total 
sales achieved in each area including expendi- 
ture on marketing. In addition to this general 
market information each company has a report 
revealing its own sales position, plant capacity, 
total production cost, cost per unit and the 
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IBM MANAGEMENT DECISION MAKING HODES 1 


LABORATORY SESSION 


company — 1 rentoo — 1 ouster — 


SALES AREAS ] INCOME — ASSETS — CHANGES 4 COMMENTS 
I 1 SAUS— INCOME AsuTS CHAHOE 
COMPANY 1 TOTAL SALES | caw... £99841,000 |{£ 2919000 3% 
NEW Paice 4a 4. £ 9e6409000 | inventory... . - £ 190235000 £ 1779000= l5= % 
MEW MARKETING EXPENOITURE NET INCOME | runt wvestueny . . £ 5 92009000 %| | 
EXPECTED SALES (UNITS) Lets oc £ T14e000) |rroraty. one ne £16 064000 | 1145000 1 ei 
COMPANY 2 i TOTAL SALES | cam... 2.1: £ 95841000 % 
MEW PRICE) 8 IMVENTORT 5. ss £ 190239000 % 
EW MARKETING EXPENDITURE NET INCOME PUNT INVESTMENT. . £ 592009000 % 
EXPECTED SALES (UNITS) TOTAL ewe RSs £16 50644000 % 
= ae 
COMPANY 3 TOTAL SALES | caw... 0... £ 948414000 % 
NEW PRICE ya wventogy 2. £ 19023%000 * 
NEW MARKETING EXPENDITURE NETINCOME | punt invEsTMENT . . £5 92009000 % 
SXPECTEO SALES (UMITS) Torat . ss + 1690649000 h 
= - - : BEEARIARKES ees a —n 
ORDERS RECEIVED (UNITS) 141,000 141,000 1414000 300000 7231000 * 
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FOUR_COMPANT AREA SALES ANALYSIS ; =r BECO MEANY YOUR DECISIONS FOR THE NEXT QUARTER 
ORDERS RECEIVED (UNITS) F 1014000 207000 20000 100 +000 2419000 ||/saus wcome . . . . £ 946401000 .. MISCELLANEOUS 
BAUS (UNITS) FD ee oe 101+000 20+000 20-000 100 000 2414000 ||cost oF ooops sow. £ B,4284000 ++ = PRODUCTION 
MARKETING EXPENDITURE.» |e 250,000/£ 50+000|2 59,000|£ 2509000 | £  600+000 ||teansromtarion . . » .£ 1809000 .« «TRANSPORTATION 
SALES INCOME - £ 44040,000]/f 800+000/£  800+000}£ 440001000 | £ 946404000 ||maRKETING . £  600+000 + - MARKETING 
petiveneo Uni cost £ 34,97|¢ 36.97 |£ 36.972 35.97 RESEARCH & DEVELOPMENT -£ 1004000 RESEARCH AND DEVELOPMENT 
YOUR COMPANY—PRODUCTION REPORTS AND ESTIMATES LL MASCERANEOU 5 SSE Sais Sm Lot 90.0.0. AGEAy cate 
Vom ess cue ie mone Pant CAPACITY weston | 
| evan seed . 2117000 2344000 2574000 260000 29000 ||INcome verone Taxes - © = 2289000 Se TOTAL 
unt cost Sy Ce £ 36.20|2 35.26|¢ 34.53] ¢ 34.44 |e 35426 ||raxes -£ -114+600 |] 2 948414000 CAsH avanane 
TOTAL cost eet S$  79638+000/£ 8+251+000/£ 84874,000/2 849544000 ts 140234000 ||NET Income £ bute PLANT SALE 


All the basic commercial data given to a team, representing one of the company Boards, are printed on this form. The conditions 
existing at the start of the game are shown. Decisions for the next quarter are recorded in the panel in the lower right corner 


delivery costs in each of the four markets. The 
total cash available to each is £9,841,000, and 
what the teams have to do is to allocate their 
resources in what they conceive to be the best 
possible way—do this relative to the four 
markets and five other variables, viz., plant 
investment, production, research and develop- 
ment, transportation and marketing. 

The number of members in a team can be 
three to eight. Five is probably the ideal figure. 
Too large a team obviously reduces the sense of 
personal participation. 

Each team, of course, reaches its decisions 
independently. But in spite of having access to 
an electronic computer— this being a game and 
there being need to compress—the teams have 
to make decisions that are immutable for three 
months. At the end of each period of the game, 
representing three months, the teams know from 
the computer the results their particular com- 
pany has achieved and can adjust their policy in 
light of the experience gained. At the end of 
four such periods there is the annual balance 
sheet of each company—available for all to see. 
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The game covers a total period of three years. 
Access to a computer is necessary and, in 
particular, an IBM 650 computer, since the 
programme has been written for this machine. 
In the main, the programme comprises a series 
of mathematical equations linking all the 
various factors, but there are, of course, data 
relating to the market potential and various 
basic assumptions, as, for example, the more 
money spent on research the lower, ultimately, 
the cost of the product, and the more expended 
on market promotion the larger the volume of 
sales. 

After the teams have decided how to allocate 
their resources and fixed their new selling prices, 
the whole of the data is punched into cards and 
entered into the computer. 

For the first policy decisions, those to cover 
the first three months’ trading, the teams are 
allowed 14 to 2 hours. Thereafter the amount 
of time is reduced to 20 minutes. Hence with 
the game covering three years—12 three-month 
trading periods—the total time occupied is 
roughly 53 hours, plus 10 to 15 minutes per 
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session for processing the data on the computer. 
Of course, what the game cannot teach is that 
it is thoroughly bad to keep chopping and 
changing budget allocations. Research and 
development, for example, cannot be built up 
in a trice, even though it can be axed overnight; 
and there is that far from minor matter, the 
human problems of the personnel employed. 
Invariably it is found that during the first 
year’s trading operations the participants learn 
—usually the “hard”? way—some of the more 
important commercial aspects, not least the 
necessity to sell units for more than they cost to 
produce, this instead of merely seeking to do the 
rival companies down. In the second year’s 
operations, competence in determining the best 
way to use the available capital is usually 
achieved. In the third and final year, most of 
the lessons the game is capable of teaching have 
been learnt and, as a rule, all three companies 
are found to be making a reasonable profit. 
Should the players become too adept, who- 
ever is in charge merely alters one or two details 
of the programme in the computer. Maybe he 
will reduce the size of the available market, 
quarter by quarter, thus representing a slow, 
insidious slump. Alternatively, he may alter the 
conditions in one particular “home” market so 


that it is more difficult for the other two firms to 
sell in it. It is easy, therefore, to make the game 
more difficult or less difficult to accord with the 
aptitude of the teams. 

Of course, in spite of its realism, it is a game 
and there is no suggestion that the technique in 
its present form should be used in connection 
with actual commercial decisions. Perhaps the 
greatest advantage is that the results are 
presented so soon after the decisions are made 
that all the relevant facts are still closely in mind. 
Further, each team is always well aware of its 
direct responsibility for the results, good or bad. 


Cost 


Earlier, the question of computer time was 
mentioned. This is approximately three hours. 
The current cost of hiring an IBM 650 is about 
£36 an hour, so if 15 people play the game the 
cost per person works out at about £7. 

No doubt most firms wishing to make use of 
this training method will contact a computer 
service. Although IBM do not intend to enter 
the management training field, they are arrang- 
ing to run sessions at their London data process- 
ing centre for the development of their own staff 
and also for other companies who are interested. 


Data for the Management Decision Game can be processed on an IBM 650 computer such as this one situated at the London 


office of IBM. The game is used by IBM to train their own staff 
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Punched feature cards 


A simple, inexpensive system of processing data without resort 
to any mechanical aid other than a card punch 


In a feature card system every card has from 1,000 to 10,000 numbered 
positions, each denoting an item. The card itself represents one feature, 
characteristic, quality or attribute of an article or individual. If an item does 
in fact possess the feature, that item’s position on the card is punched. Stack- 
ing the cards relating toa particular subject enables the operator to determine 
at a glance whether the hole punched in a given position mates with holes in 
the other cards—whether, for example, the man to whom hole No. 1156 on the 
“engineers” card relates is an electronic engineer and therefore should be 
considered as a possibility for some new work that is about to be undertaken. 
If the holes on the cards headed ‘‘engineers”’ and ‘‘electronics’”’ do mate, 
obviously he is one of those for consideration and his file, No. 1156, is examined 
for further information. 

With the feature card technique it is possible to select and compare items, 
and sets of items, of all types at great speed. The article that follows gives an 
insight into the methods and also provides detailed information about a 
system that has now been in operation for more than a year. 


By J. L. Jottey, M.A., B.Se. (EGoN.) 


[el of punched cards is not confined solely to 
mechanical data processing systems. Many 
designs of punched card exist and several of the 
systems are operated manually with the simplest 
of equipment. One such system is based on the 
use of feature cards. The distinguishing mark of 
a feature card is that it represents a particular 
feature, characteristic, quality or attribute of the 
item recorded, instead of detailing the item 
itself. 

Many thousands of items can be represented 
on one feature card, by holes punched through 
numbered positions. A typical feature card is 
ruled so that there is a lattice of small squares 
printed on the face. A number is printed in each 
square and this number provides the identifica- 
tion by which the item to which it refers can be 
located. A small card measuring 6 inches by 
1] inches may provide 1,000 numbered posi- 


Mr. J. L. Jolley is Managing Director of J. L. Jolley 
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tions while 10,000 numbered positions can be 
arranged, without overcrowding, on a card 
that measures 10 inches by 12 inches. 

Thinking in terms of features is not always 
easy at first, so this point will be clarified. A 
convenient way of distinguishing between a 
feature card system and the more conventional 
item card system is to think of a set of 1,000 
things. Each of these may have none, any or all 
of 100 characteristics or features. To record this 
set of things an item card system would have 
1,000 cards, whereas a feature card system 
would use 100. 

To take a simple case, if a feature card 
system was used solely for personnel records and 
a new employee, Mr. John Smith, joined the 
firm in the capacity of electronic engineer, a file 
would be created to contain all the documents 
relating to Mr. J. Smith and this file would be 
given a reference number. The number chosen 
would be one of the unallocated numbers 
appearing on the feature card, say, 1156. The 
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file of feature cards concerned with personnel 
records would contain a card bearing the title 
“engineers.” A hole would be punched through 
the card in the position of the square numbered 
1156. 

Another feature card in the system would be 
entitled ‘“‘electronics’”’ and a hole would again be 
punched through the square 1156. These cards 
would, of course, contain many other punched 
boles- Ally theboles inthe “engineers. card 
would refer to files of all the engineers employed 
by the company, whether electronic, mechanical 
or otherwise. Similarly all holes in the “‘elec- 
tronics” card refer to all employees having this 
word in the description of their job. If the 
“electronics’..and the “‘engineers’’..cards.are 
stacked one upon the other, through-going holes 
will appear in positions referring to all em- 
ployees who possess both features. One of these 
through-going holes will, of course, appear in 
the position 1156—the number of the file con- 
taining details of Mr. John Smith. 

In a feature card system any number of 
characteristics can be accommodated and an 
item possessing twenty characteristics is punched 
in twenty cards, a hole appearing in the same 
numbered position in each of the twenty cards. 
Since all other items recorded on these cards 
that have the same set of twenty characteristics 
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Feature cards. The large 
card has 2,500 numbered 
positions and the small 
card 1,000. Transparent 
coloured sheets, as shown 
at the top, are placed 
behind the cards to em- 
phasize the positions of 
the punched holes. The 
cards are reproduced ap- 
proximately quarter size 


will also be identified by through-going holes, 
the stacking of feature cards is a rapid means of 
finding, from among large numbers of items, 
every one which will satisfy a particular set of 
requirements. 

To discover, from a record of industrial 
accidents, those which occurred in the assembly 
shop on the night shift owing to mechanical 
failure, all that is necessary is to stack the three 
relevant feature cards concerned with accidents 
entitled “assembly shop,” “night shift,’ and 


“mechanical failure.’ Through-going holes 


Holes are made in the cards with this simple manually 
operated portable punch unit 


To locate a particular item, cards describing its features are stacked together and through-going holes indicate 

all items that fulfil the requirements. In this particular example the top-card shows all personnel who have 

‘electronics’ in their title, the second card all personnel described as ‘‘engineers.”” When these two cards are 

placed together (as in the bottom illustration) all personnel who are “‘electronic engineers” will be indicated by 
through-going holes 
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Feature cards can be 

selected easily from 

Specially designed 
filing racks 


then show how many such accidents there were, 
and what reference numbers they were given. 
Thus a second comparison with an item card 
system is possible, on the basis of the number of 
card handlings. In a feature card system 
recording, for example, a thousand accidents 
spread over the years, the discovery of all 
accidents possessing three given characteristics 
involves, as shown above, the handling of three 
cards only. In an item card system, with one 
card per accident, at least a thousand cards 


must be handled. If selection cannot be made 
of three characteristics simultaneously from 
amongst the thousand cards, but instead the 
cards have to be examined for one characteristic 
at a time, card handlings may easily reach twice 
this figure. 

Since it is possible to put items into special 
sequences (for example, into the order in which 
they come to hand or occur) the position of the 
holes punched in feature cards can be visually 
meaningful. In the accident record example a 


Patterns made by punched holes can be full of meaning. From this card, on which are recorded the sales of the 
textile sharkskin, it 1s apparent that demand 1s not uniform through the year but is concentrated in one period 
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hows all employees in the factory who have had accidents. 


Next is the card showing the personnel employed in the packing shop. In the bottom illustration these two cards 
have been superimposed to reveal packing shop personnel who have had accidents. It also indicates that the 
accident rate is highest among the most recent recruits to this department 


Feature cards can be used for research. The top card s 
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cluster of holes in, say, the top right-hand 
corner could indicate that accidents of a parti- 
cular type all tended to occur at a particular 
period of the month or year: the period during 
which the top right-hand corner was being 
filled in. 

Feature card systems also possess another 
great advantage, that of thinking for their 
employer. An example of this may be taken 
from the field of research. The quickest way of 
entering details of one item into a feature card 
system is to stack the cards that describe its 
features and then to punch a hole through the 
stack in the position dictated by the item’s 
reference number. Thus, if the item concerned 
is part of a meaningful pattern, this pattern is 
revealed by the very act of stacking the cards 
for punching and without being purposely 
sought by the operator. 


Control by feature cards 


A special case of this arises when the items 
represent sales, accidents, quality-control test 
results, or other things which are constantly 
occurring and which require continuous surveil- 
lance. The mere entering of the details of a 
casualty, for instance, reveals all similar 
casualties, and the occurrence of more of these 
than would be expected in a given period 
indicates that there is a set of circumstances that 
is more than usually productive of disasters. 
Thus the very act of recording new accidents 
can trigger preventive action. 

Another example of cards thinking for their 
user arises in record-keeping. Traditional 
methods rely very largely on indexing, so that, 
for instance, nuts and bolts and rivets and screws 
appear somewhere under the heading ‘“‘mech- 
anical engineering,” while solder, fluxes and 
welding materials are probably under “metal- 
lurgy’ and glues are under “animal and 
vegetable products” or “‘plastics and synthetic 
resins.”” Someone wanting to join two pieces of 
metal together would first decide the way he 
wished to do it and then seek the details in the 
relevant part of the index. 

On the other hand, an inquirer using feature 
cards would put together the cards for “‘metals”’ 
and ‘“‘fixing,’ ‘fastening,’ and ‘‘adhesion’’; 
these would automatically reveal all items likely 
to satisfy his requirements. They would, of 
course, include solder, screws and glues, but they 
would also include magnets and the use of 
magnetism might, in fact, be the answer to his 
problem. 
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Feature card systems are of three main types: 
record keeping systems, in which the main object 
is to find which items out of large numbers of 
items exactly satisfy the user’s requirements; 
research systems, in which the relationship of 
specific characteristics to each other is required; 
and control systems, in which the prime object is 
to receive a warning when something is not as it 
should be. The normal feature card system 
permits each of these three activities to be car- 
ried on at the same time, since the difference is 
largely one of how the system is used rather 
than arrangement. 


Selecting Personnel 


Thus a personnel officer who has indexed his 
company’s employees on feature cards as a 
means of selecting suitable people for available 
jobs can, at any time if he wishes, use the index 
as a research vehicle to find how accident 
proneness is related to age or to the taking of or 
the failure to take the training scheme. Equally, 
he can use it as an aid to control: for instance, 
he can note the distribution of the age groups 
and thus take steps to control recruitment to 
obviate future “‘bulges’ in particular depart- 
ments or long periods of waiting for dead men’s 
shoes. 

To complete this general account of feature 
card systems in practice, it may be useful to 
study a particular case from its inception. The 
one chosen is a record of the external relation- 
ships a company has with those with whom it 
trades. There are three parts involved in the 
system: letters, papers, books and the like— 
collectively known as the files—the cards on 
which day-to-day developments are noted 
—which go by the name of the abstracts—and 
the feature cards themselves. 


Abstracts and feature cards 


The abstracts and feature cards comprise the 
basic working unit and are kept together in the 
same tray. They provide a summary of the 
contents of the files together with additional 
information such as notes of telephone calls. 
They bear the same reference numbers as the 
files. The files are numbered according to the 
numbers available on the feature cards. 

Governing the whole system is a classified 
feature list which sets out the meanings of the 
cards. The making of this list was the first and 
most important operation in setting up the 
system. In choosing and arranging the meanings 
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lies the basic skill involved in the creation of a 
feature card system. Among a number of other 
things, the final choice decides :— 

SIZE OF THE SysTEM. A poor choice of features 
can result in many more cards being used than 
are needed for the purpose in hand; and more 
cards mean more and larger equipment and 
additional labour in manipulation, and therefore 
extra cost. 

FLEXIBILITY OF THE SysTEM. A poor choice 
can also lead to much less information being 
obtainable. This is particularly the case in 
control and research applications. 

DEGREE OF RESOLUTION OF THE SYSTEM. 
Clearly if it takes ten cards to find an item when 
the superimposition of five would do as well, 
the system is not as efficient as it might be. 

ACCURACY OF THE System. A wrong choice 
of features can produce “‘ghost items,”’ that is 


Specially designed filing cabinet for storing large feature cards 
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unwanted extras which appear in addition to 
those which fulfil requirements. Discarding 
these extras wastes time and can be avoided. 

MopvE or GROWTH OF THE SysTEM. The 
arrangement of the features chosen can affect 
the ease with which new features can be added 
if required, as well as the way in which this 
must be done. Poor arrangement can also lead 
to a neat system becoming unwieldy. 

EasE oF Use OF THE SysTEM. Systems that 
rate equally in all other respects can be easy, or 
hard, to use according to the features chosen. 
One set of meanings for the cards, for instance, 
may result in the order of stacking being im- 
portant; another may make it immaterial. 

In the system being described, these and 
other matters were taken into consideration, and 
the result was a list of some two hundred 
meanings or features, each numbered and 
arranged under its relevant heading and marked 
in such a way as to show the user its appropriate 
method of use. These features were written, 
with their code numbers, on the top left-hand 
corners of feature cards ranged in rows leaning 
against movable flaps in a tray. Each row con- 
sists of 18 cards, overlapping sideways so that 
the titles of each can be seen and kept in an 
order dictated by their code numbers. Moving 
a flap forward reveals another row of cards 
leaning against the flap behind. This method of 
keeping the cards makes the selection of any 
given set of cards very easy. 

When the feature cards were titled and 
arranged. in their tray, all the files to which 
they were indexed were numbered, starting at 
] and proceeding upwards through the tens and 
the hundreds. For each file an abstract card was 
made. In many applications of feature cards 
such abstracts are unnecessary. In the case, for 
example, of a set of personnel records, if extra 
details are wanted, reference can be made 
directly from the cards to the employees’ files. 
However, in this particular application the 
abstracts were also to be working documents in 
constant use. Consequently, details of the files 
were written on the relevant abstract cards, and 
these were then ranged, in number order, in the 
front of the tray containing the feature cards. 
The system was then ready for use. 

A typical day’s work with the system starts 
with the arrival of the morning’s batch of 
letters. These are opened and their contents 
noted on the relevant abstract cards. If they 
alter anything—for instance, if the placing of an 
order is confirmed—-this fact is noted by punch- 
ing a hole in the appropriate item position on 
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ce 


Portable filing rack containing the smaller feature cards 


the feature card bearing the title “‘order placed.” 
The letters are then forwarded for answering; 
and copies of the answers are indexed on the 
abstracts and the feature cards in the same way. 
Similarly, if a telephone call comes in, its pur- 
port may be entered on an abstract card, and so 
may much additional incidental detail be gained 
from other sources. 

To find all the available information on, for 
instance, patents, the feature card on that sub- 
ject can be consulted. Holes in it denote items 
of many types: files containing articles, leaflets, 
or cuttings about patents; files containing blank 
patent forms; and so on. 

Similarly, to find all details of orders placed 
in December, the stacking of the “orders 
placed” and the “December” cards is all that is 
needed. If the substitution of the “January” 
card for the ‘“‘December”’ card results in twenty 
holes appearing instead of thirty, then obviously 
sales have dropped in January. Comparisons 
month by month, area by area, industry by 
industry, and so on can be made with equal 
speed and significant statistics obtained. 
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Again, if it is desired to circulate details of an 
improvement in a given product, all the people 
who have in the past shown interest in that pro- 
duct can be found by stacking together the 
product card and a “personal” card. 

This system has now been in use for more 
than a year. It has proved very simple to run. It 
enables the present position of business to be 
seen at a glance from many aspects; it enables 
material of all types on any given subject to be 
assembled rapidly whenever required, this with- 
out the need to consult cross-references or other 
indexes; it makes filing very easy, since all 
items are kept according to one straightforward 
numerical order; and it can expand. 

Other examples of the use of feature cards 
might have been taken—-to mention a few— 
from the fields of librarianship, personnel selec- 
tion, biological research, the maintenance of 
membership records and the forecasting of 
sales. In all cases the cards’ characteristic 
advantages remain: great speed of search; ease 
of use; compactness; meaningfulness to the eye; 
and low cost. 


ok 


Leo in action as 
a sales administrator 


From orders collected by salesmen who make weekly calls on retailers, a 
Leo computer automatically produces all the necessary packing documents 
for the warehouse, sales statistics, reports revealing dormant customers, 
cash-collection lists, figures showing the efficiency and commission earned 
by each salesman and banking statements by which financial control over 
the entire operation is maintained. By putting this work on Leo the cost of 
preparing the necessary documents has been reduced by 25 per cent—this in 
addition to the management being in the happy position of being able to keep 
its finger on the pulse of this side of its business. The article below describes 


in detail the data processing methods used. 


else: control of the sales of bakery products by 
J. Lyons & Co., Ltd., has been a regular daily 
job performed by Leo computers since January, 
1956. All the documentation and necessary 
information is prepared on either the original 
Leo I computer situated at Cadby Hall or the 
much faster Leo II computer in Elms House 
nearby. 

Briefly, the sequence of operations is this:—- 
Lyons’ bakery produces a range of packaged 
products, up to 100 in number, that are 
ordered by numerous retail shops throughout 
the country. Each order has an average value of 
£2 15s. Od. Once a week salesmen visit each 


of 


Leo II. This computer is 

approximately three times 

Saster than Leo I from which 
it was developed 


shop in their areas to collect cash for orders 
delivered the previous week, and also to take 
new orders. Every salesman is provided with 
printed order forms on which are listed the 
complete range of bakery products. He records 
the quantities of each item ordered by the 
customer on one of these forms. At the end of 
the day completed order forms are posted to 
Cadby Hall. 

Here the information on the forms is trans- 
scribed on to punched paper tape for entry into 
Leo. The subsequent data processing sequence 
is divided into four separate phases, that are 
identified as A,B, C and D. 
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In phase A the information derived from the 
order forms is entered into Leo, together with 
certain permanent data. From this information 
Leo calculates the value of each invoice, prints 
packing documents needed by the despatch 
warehouse to assemble the orders and, in 
addition, produces financial and statistical data 
that are recorded on punched cards. Data 
recorded on these cards are required in two 
subsequent computing phases, C and D. 


Cash collection lists 


From these data and the information already 
held in a file of punched cards giving the 
previous banking balance, the computer can 
produce a new statement showing the current 
amount under- or over-banked by the salesman. 
In addition, sets of cards are punched giving 
details of the cash received from each customer 
and the new banking balance. 

In phase C the punched cards produced from 
phase A showing the charges to be levied for 


Crder forms 


Cash collection summary 


Bank paying-in slips 
and carbon copies of 


customer receipts 


Sales statistics for management 


Warehouse Salesmen’s under- or over-banking statements 
Packing Reports on salesmen 
Documents . ; paws 
and Calculation of salesmen’s commission 


Invoice details 


Phase B computations are concerned with 
maintaining financial control over the cash 
transactions. For this purpose the salesman 
sends to Cadby Hall other documents, in 
addition to the order forms. These are a cash- 
collection summary, carbon copies of all 
receipts given to customers for cash collected 
and a bank paying-in slip. He banks a propor- 
tion of the cash collected each day and records 
the value of cash received and banked on the 
cash-collection summary 


/ 
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Reports on dormant customers 


current orders are read into Leo together with 
the cards listing the cash received from each 
customer. These latter cards are produced by 
the phase B operation. A file of punched cards 
that record debts still outstanding from previous 
weeks is also read into Leo. Documents auto- 
matically produced by Leo from these data are 
cash-collection lists specifying the money to be 
collected by the salesman from each customer at 
the time of the next weekly call. Another 
document produced during this phase is a 


95 


report of dormant customers, that is customers 
who have not ordered bakery products recently. 
Phase D is an entirely different operation 
with a different object. Phases A, B and C are 
concerned principally with the day-to-day 
administrative work connected with bakery 
sales; in contrast, phase D provides sales statis- 
tics for the benefit of management. Punched 
cards produced by phase A are fed to the 
computer together with other punched cards on 
which accumulated data regarding previous 
sales are recorded. At the end of the phase D 
computation, a new set of updated cards is 
created for the file to be carried forward to the 
next week’s operation. The punched cards 
carried forward from week-to-week constitute 
the permanent file of sales information. In 
addition to amendments to the file, significant 
sales statistics for the week and for the quarter, 


Orders from salesmen SRS 


Cash collection summary 


to date, are produced and, at intervals of one 
month, statements detailing the commission 
earned by each salesman are obtained. Reports 
are also given on all the salesmen. 

The entire data processing sequence as 
described enables the management to maintain 
strict financial control over bakery sales without 
becoming enmeshed in detail. In addition, 
valuable sales statistical information is available 
shortly after the event, and this allows timely and 
appropriate action to be taken to counter 
adverse trends in the trading position. Also, all 
the documentation needed for the operation of 
the system is printed automatically. 

Phases A, B and C, which are run on Leo 
every day, take approximately two hours to 
complete. Phase D is run once a week and takes, 
on average, 80 minutes. These are the times for 
the jobs when performed on Leo IT. 


Receipts for cash 


Payments into bank 


from salesmen Ay ° 
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Sales statistics 
Reports on salesmen 


Salesmen’s commission 


Outstanding 
debits file 
a 


Cash collection lists 


Dormant customer reports 


Phases A, B and C are performed by Leo daily and Phase D once a week 
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r— 
ORDER & INVOICE J. LYONS & COMPANY LTD. DELIVERY_ REQUIRED 
FOR CADBY HALL, LONDON, W.14 we DAY 
LYONS CAKES L/69 2/ 5/1958 
at 
THESE GOODS ARE FOR IMMEDIATE SALE 
NAME IF NEW DEALER MAAK N.O. REFERENCE No. ] DISCOUNT | NeT AMOUNT To PAY_ 
Mr SR Oyen | é 
DESCRIPTION hecrreen BROERED | No. | DESCRIPTION | cornice "|| SaoeReo. No" 
Kup x3 Chocolate ode. || ¥ I Kensington fey 2/3plece?] | 377 
KAKES x3 Lemon _ | 9d ctn = 2 Madeira |__—=sd 2 plece Sees 
x3 Orange [te 9d ctn | 61 | KUT-A-KAKE Dark Fruit __|1/9 plece e359 
Coconut Toasties «3 re 9d ctn. 4) Fruit Cherry _ 2/9 plece ___ | 40 
CHoc std CVE ee 3/- etn | 5 Fiesta (Spiscen 6 4l 
ROLLS x12 Jam 3/-ctn. |} | 6 Galety (Syiscs) |__| 6/9 a2 
x12 Jam (covered) | 3/-ctn Bh ert) Cherry |__|2/9 plece 62 | 
COCONUT SNOW CAKES 2 ea “ol seam — 4lb Kensington |_| 9/-stb] | as 
LARGE Raspberry |__| 1/8 ea. S216 CAKE 5 Ib. Genoa |__| 43/9 slab} | 4 
SWISS Apricot |__| 1 /B.ea Nit 4 Ib. Madeira 8/- slab 45 
Roe Greengage |__| 1/8 ea 2_|12]) LARGE Choc. Sponge Van. Filled) | 1/8 ea. f 2 _ “46 | 
x6 Jam (Five 1j6cen. |} | 13. SWISS Princess 1/Bea | 2 47 
TARTS 6 Assorted 49ecn. |] | ng BOCES Mecho riviriied || 4/eea | 72 | 4a | 
x6 Treacle 1/4 ctn 64 || NEW Lemon |_| 2/-ea |} 53 
ete Gace 49 | CORONET CAKES Cherry |__| 2j-ea. |_| 5a | 
INDIVIDUAL Bhckcurrane | 6dea. || —_| 16 || SPONGE CAKES x4 |__| 94 cen, 60 | 
PIES Apricot 4 6}d ea. 50 || DUNDEE 22 _| 8/6 ea B55 
Pineapple with Apple|__| 6}d ea 18 ||_ CAKES |__| 12/6 ea. | 56 | 
SPONGE CAKES ~8 1/4 ctn /2 | 19||_CADBY ROLLS eae A oear 63 | 
Ginger Cakes 1/9 ea, 20 || 210. xMAS PUDDINGS(NAMEY™)| | 7/6 ea. 65 
Madeira i Sale Sea | ra | Ls ae 
Frult Madeira | | 1/8 ea. 22: | | eee eee ee es et 
ROUND Frult Cherry Vitiea|) 23 es ee | eee | 
CAKES Plain Madeira |__| 2/- ea. 2A | |\Seae 3 = == = ae = 
Cherry _ |__| 2/6 ea. 25 — = 
Banquet (Duchess) |__| 1/6 ea. 26 | 
HOSTESS CAKES (Cartoned) | 2/6 ea, 2__| 27 || All Orders of £1.15.0 net or over are sent carriage paid 
MACAROMOMS  Coconme 7 


Quantities of bakery products ordered by a customer are entered on aspecial form, part 
of which is shown here 


In regard to the figures quoted, it has to be 
added that the documentation and statistics are 
prepared for three sales areas. These three 
districts contain about 70 salesmen who take 
some 2,000 orders each day. Distribution of 
packaged bakery products in other sales areas is 
administered by local centres and consequently 
the orders are not sent to Cadby Hall. 

By performing the bakery sales work on Leo 
the cost of preparing the necessary documents 
has been reduced by 25 per cent. In addition, a 
considerable quantity of pertinent sales informa- 
tion is produced at the same time. 

Before the data processing sequence is 
described in greater detail, something must be 
said about the two Leo computers that perform 
this work. Leo I is the original machine and was 
designed from the beginning with the object of 
efficiently processing commercial data. This 
philosophy at the time the specification for Leo 
was laid down was unusual as most electronic 
computers of the day were built solely as 
mathematical calculating machines. Leo I has 
been operating on commercial work since 1953. 
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A more fully developed version of the machine 
known as Leo II* was installed at Elms House 
in March, 1957. Leo II is approximately three 
times faster than Leo I; it is also more flexible in 
operation. Many large payrolls have been 
prepared on this machine on a weekly basis for 
such companies as Kodak, Ford, Stewarts and 
Lloyds and, of course, Lyons. Bakery sales work 
is normally performed on Leo I, because Leo II 
is used principally to provide a computing 
service for outside users. 

Although J. Lyons & Co., Ltd., developed 
and built the original machine for their own 
use, a separate company was formed in 1955 
called Leo Computers, Ltd., which manu- 
factures and sells Leo computers in addition to 
providing a computer service. Five machines 
are now in operation in Great Britain; the latest 
one was supplied to the Ford Motor Company 
for controlling some 40,000 items held in stock 


*A short description of this machine appears on pages 40 
and 41 of the January-March, 1959, issue of Data 
Processing. 


G7 


Transcribing data on to 
punched tape. The operator 
on the left is verifying data 
entered on the tape by the 
operator on the right 


Documents are produced by 
this modified Hollerith tabu- 
lator connected to Leo. The 
printing speed is 100 lines 


a minute 


at their Parts Division at Aveley. Other com- 
panies owning Leo II computers are the 
Imperial Tobacco Company, and _ the steel 
company of Stewarts and Lloyds Limited. 

As already mentioned, up to 100 separate 
bakery items are produced, but the number 
manufactured at any one time will vary 
according to the season; therefore a current 
order form contains something less than 100 
items. All information in Leo is portrayed in 
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binary codet, but on the order form each 
bakery item is identified by an ordinary— 
decimal—number. The salesman enters the 
number of units of each bakery item ordered by 
the customer in the quantity column. A separate 
order form is prepared for each customer and a 
reference number identifying the particular 


tSee “The Universal Language of Computing,’ Data 
Processing, January-March, 1459, page 18. 
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customer is entered in the heading. The day 
on which delivery is required is also given. At 
Cadby Hall the orders are sorted into the 
delivery day sequence so that the appropriate 
information can be supplied to Leo on the day 
preceding despatch. Certain columns on the 
order form are enclosed in double rules. All 
information between these double rules has to 
be transcribed on to punched paper tape for 
introduction into the computer. Such informa- 
tion is the reference number of the customer, the 
bakery products’ code numbers and quantities 
required. 

Information is recorded in five-row paper 
tape by the manual operation of a tape per- 
forating machine. The punched tape produced 
is then verified. Verification is performed 
manually on another tape perforating machine. 
The first punched paper tape, which is white, is 
fed into the verifying machine. An operator 
enters the information from the salesmen’s 
orders in the same sequence as was adopted by 
the first operator. 

As this is done, the original white tape is fed 
through the machine and so long as the infor- 
mation entered on the keyboard by the second 
operator agrees with the information punched 
in the white tape, a second tape is perforated 
that is an exact copy of the first. This second 
tape is blue in colour. Should a discrepancy 
occur between the two sources of information, 
the keyboard of the verifying machine locks 
automatically and a red light goes on to 
indicate that an error has been detected. The 
information entered on the white tape and that 
on the keyboard are then checked against the 
data on the order form and the correct value 
is punched into the blue tape. 


Checking input data 


A checking tape is also produced by the 
verifying machine. On this are printed all the 
characters entered on the keyboard. Every time 
the keyboard is locked because of an error, a 
red asterisk is printed on the checking tape. As 
a. further precaution to ensure that all errors 
detected are properly corrected, the white 
perforated tape, the blue verified tape, the 
printed checking tape and the order forms are 
examined by a scrutineer. The scrutineer 
inspects to see that every item following a red 
asterisk has been correctly entered upon the 
blue paper tape. The blue tape is then accepted 
as a true and accurate document suitable for 
entering information into the computer. 
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An average of 7,500 verified characters an 
hour can be punched by two operators. Higher 
speeds of up to 10,000 verified characters an 
hour can be achieved by a good team. 

The computer programmes that control the 
various phases are contained in packs of 
punched cards. The programme is read into 
the computer store as the first operation in any 
phase. Each of these 80-column cards contains 
16 programme instructions and the cards are 
read at the rate of 200 a minute. 


Phase A computation 


It will be recalled that the object of the 
phase A computation is to produce, from the 
information on the order forms, packaging 
information for the despatch warehouse, details 
of the cash to be debited to the customer, and 
sales to be credited to the salesman. 

A set of punched cards containing the basic 
permanent factors and the tables associated 
with the calculations for phase A are entered 
after the programme. These cards list such 
items as the volume of each bakery item in 
cubic inches, the price of each item, the dis- 
count rate and information as to the most 
suitable carton, or combination of cartons, into 
which a particular order can be packed. 

Each punched card contains the data relating 
to ten commodities. Consequently, ali the fixed 
information for the complete range of bakery 
products handled can be entered on up to ten 
cards. The information concerning any one 
item is recorded in binary code on one hori- 
zontal line across the width of the standard 
80-column card. Check totals are entered in 
the final line on the card. These totals are used 
to confirm automatically that the values on 
each card have been correctly read before being 
passed into the computer information store. 

Data concerning actual orders, transcribed 
and recorded on the blue punched paper tape, 
are then fed into the computer. The paper tape 
input unit is equipped with two Ferranti 
photo-electric reading heads that operate at 200 
characters a second. The heads are used 
alternately. As one tape is being read by one 
head a new tape is being fitted to the other, 
thus there is no delay in entering information 
into the computer. 

Information derived within the computer 
during phase A is recorded on two printed 
documents and also on punched cards. ‘The two 
printed documents are both used in the ware- 
house to assemble and despatch the orders. ‘The 
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WHOLESALE BAKERY RAILS 


Number of 
Orders 


Assembly 
Summary No. 


MIXED LINES ASSEMBLY SUMMARY 
LOAD DETAILS 


A pair of packing documents 
printed by Leo. Orders listed on any 
given pair are sufficient to fill one 
warehouse assembly trolley of 
45,000 cubic inches capacity. Bulk 


requirements of individual bakery 


products are given in the document 
shown on the left 


(Bottom right) Another item of 
punched card machinery connected to 
Leo to record output data—a card 
punch that operates at a speed of 


100 cards a minute 


REJECTION CODE 

1 = Net value of invoice over £34. 
= Item number not in range 1-80, 

3 = Quantity not in range 1-99. 

4 = Item not on current tariff. 


5 = Miscellaneous, e.g., territory No. over 999, 


eoeee%e?e?e??eeéese ei¢&%) &@ ® 


10 = Item on Invoice temporarily cancelled. 


TROLLEY 
LOAD 
(Cubic inches} 


ASSEMBLED 
BY 


CARTON TOTALS 


TYPE S TYPE A 


first of the documents is headed by a week 
number (tax week), despatch day (1 to 5 
representing Monday to Friday) and an 
assembly summary number for reference pur- 
poses. In the main portion of the document is a 
list of customer code numbers and the net 
values of the orders and the cash discounts 
allowed. 

The centre digit of each customer’s number 
indicates the day of the week on which the 
salesman normally calls. Salesmen, however, 
can, and do, call on customers on other days 
if this is necessary. Printed on the same line 
against the code number of the customer, is 
information on the types of carton required to 
contain the order, together with the total 
number of cartons that comprise each order. 
Every order can be packed in one or other, or a 
combination, of six cartons. 


100 


The number of orders printed on each pack- 
ing sheet is determined by the maximum 
volume of goods that can be assembled and 
transported on the standard trolleys used in the 
despatch warehouse. This volume is 45,000 
cubic inches. 

As the figures for each order are processed 
by the computer a running total of the volume 
occupied by the packages is maintained and as 
soon as the next order would cause this value 
to exceed 45,000 cubic inches, that particular 
batch of orders is printed out. All this is done by 
the computer automatically. 

On the second document produced is listed 
the individual totals of bakery items identified 
by their code numbers, together with informa- 
tion as to the various sizes of carton required to 
be loaded on to each trolley for transportation 
to the packing department. This form also 
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WHOLESALE BAKERY RAILS 


CISCOUNT NET VALUE 
‘ via ai 


MIXED LINES ASSEMBLY SUMMARY 


CAR 


TONS 


INVOICE DETAILS 


EXTRA 
LABELS 


PACKER 
CHECKER 


carries the standard information such as week 
number, day number and assembly summary 
number. In addition, the time allowed for the 
warehouseman to assemble one batch of orders 
on a trolley is computed and printed on the 
form for bonus payment purposes. These two 
documents are printed by a modified Hollerith 
tabulator that operates at a rate of 100 lines 
a minute. 

The other documents on which the output 
from phase A is recorded are punched cards. 
Cards are punched at the rate of 100 a minute. 
With this computer system it is customary for 
all information that has to be carried forward 
from week to week, or to other phases of the data 
processing sequence, to be recorded on punched 
cards. Each punched card produced from 
phase A contains information on the cash to be 
debited to each customer’s account, the sales- 
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IOI 


JOURNEY 


AMOUNTS FOR COLLECTION DEALER'S 


REVIOUS WEEKS B = r ; aie 2 Pees =] NUMBER 
PREVIOUS WEEKS 8/F LAST WEEK B/F CURRENT TOTAL 


REMARKS 
REFERENCE * 


7740 0:1 hee 


74005 15 


74005 : 9 


6 300 @ 6 


7 7 | | 7 
Peres | 1 


74005 
: 5 5 
74005 
s 81001 


35/C/1S 
%& The REFERENCE shows, for the amount in the CURRENT column : 


1 or 2 figures =Week No. If |_or 2 figures, a gap, and I figure : 
5 or 6 figures: ORDER DESPATCHED I figure =Day of despatch (Monday = |) 
2 figures =H.O. Serial No. 


Cash-collection list containing details of amounts due from each customer. Occasionally an entry relating to 
one customer occupies two lines. Where any pence column contains the number 11 alongside the actual number 
of pence, this indicates that the particular entry has to be subtracted 


man who obtained the order and the quantity over-banking balance of each salesman _ is 
of each particular type of bakery product sold. recorded on punched cards to be filed and 
Phase B of the computation maintains control carried forward to the next day’s run. Details of 
over the financial aspects of the operation. As cash actually collected from customers is also 
already mentioned, printed statements of the recorded on punched cards. These latter cards 
under- or over-banking of cash by each salesman are then sorted into the daily order in which the 
are produced. In addition the current under- or calls are made and are used as an input to the 
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subsequent phase C operation when the cash- 
collection lists are compiled for the salesmen. 

Input data for the phase B calculation are 
provided from two sources. One is the punched 
cards of the under- or over-banking file pro- 
duced by the phase B operation of the previous 
day. The second source is a number of written 
documents prepared and returned daily by the 
salesman. One of these documents is the cash- 
collection summary on which is shown the cash 
banked up to bank closing time and any 
additional amounts held back to be paid in on 
the next day. Other documents are the bank 
paying-in slip and carbon copies of all receipts 
issued to customers. On these latter documents 
the salesman records any variations between the 
amounts due and the amounts collected. He 
may make an allowance, not exceeding 5s., for 
goods damaged in transit. 

Data on the cash-collection summary, bank 
paying-in slip and customer receipts are trans- 
cribed on to punched paper tape. In this run, 
the computer is largely occupied in reconciling 
these various items of information, one with 
another. The figures on the bank paying-in slip 
are checked against the “cash banked”” amount 
on the cash-collection summary (they will later 
be manually checked with the bank statement). 
Total cash received according to the cash- 
collection summary is verified by comparing it 
with the total of the individual carbon receipts. 
Even the arithmetical accuracy of the summary 


Loading bulk requirements of 

each bakery product for one 

complete group of orders on to 
a warehouse trolley 
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itself is checked by the computer, and any 
errors are reported on the printed statement 
produced. This is prepared daily for each sales- 
man and shows his under- or over-banking to 
date, plus details of any adjustments to be made 
in respect of errors on the cash-collection 
summary. A record of the cash received from 
the customers is made on punched cards. Also 
the current under- or over-banking balance for 
each salesman is recorded on punched cards to 
be carried forward to the next day’s run. 

Basic data for phase C are provided by the 
punched cards obtained from phases A and B 
plus those cards from the previous phase C 
run that list amounts of cash overdue. Phase B 
cards contain details of cash collected from 
customers. As stated, the object of this phase is to 
produce cash-collection lists that are sent to the 
salesmen, also lists of customers who have failed 
to re-order bakery products. In addition, out- 
standing amounts still not cleared by customers 
are punched out on cards to be carried forward 
to the phase C operation of the following week. 

The cash-collection list for a particular day is 
produced three days before the salesman is due 
to make the calls so that it can be posted to him 
and he will receive it in good time. On it, of 
course, is entered the money due to be collected 
from each customer as a result of the order 
placed during the previous week and already 
delivered, plus any other amounts outstanding. 
These figures are listed separately and the total 
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amount owing is printed in a totals column. 
Other information produced in documentary 
form are lists of customers who have not re- 
ordered bakery products for 4, 8, 12 or 16 weeks. 
This enables sales management to investigate the 
reasons and, where appropriate, to take 
corrective action. 

These three phases conclude the main data 
processing sequence. Phase D—the fourth com- 
puter run—is concerned with providing sales 
statistics for management and calculating the 
monthly commission due to each salesman. 

Punched cards produced by phase A are used 
as input data together with a set’ of punched 
cards which function as a file and contain all the 
sales statistical information up to the previous 
week. The file cards also contain a certain 
proportion of permanent data such as the sales 
quotas for the various districts and also for the 
individual salesmen. 

Information produced. in documentary form 
during this phase comprises sales statistical data ; 
these include weekly, monthly and quarterly 
reports on salesmen. For salesmen who exceed 
their monthly quota the commission earned is 
calculated. Sales statistics by districts are also 
derived giving the cash value of all sales and the 
types of bakery item sold. This latter informa- 


tion is obtained so quickly that the sales 
management can take effective action to adjust 
production or correct an adverse sales trend. In 
addition cards are punched that constitute the 
new sales statistics file updated with the current 
week’s figures. These cards will be carried 
forward to the following week and will provide 
the input to the next phase D operation. 


Packing and despatch 


This concludes the data processing sequence 
on Leo for this particular bakery sales operation, 
but the method of packing and despatching the 
goods is of interest, because in this, too, the 
minimum of manual clerical work is performed. 

First, the printed documents produced by 
phase A are sent to the warehouse. These pro- 
vide the necessary authority and all the relevant 
information for despatching the goods. The 
warehouseman is given a set of documents that 
consist of all the individual handwritten orders 
sent in by the salesman, plus the packing docu- 
ments produced by Leo that list gross quantities 
of each bakery product for the particular group 
of orders. He moves a trolley from one storage 
location to the next and loads the gross quanti- 
ties of each item listed. 


Checking the invoice previous to packing individual orders in the appropriate cartons 
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Over 5,000 individual orders a day are assembled in the packing department. The documents for 2,000 of 
these are prepared automatically by Leo 


When all the items have been assembled the 
trolley should be almost filled to capacity 
(45,000 cubic inches). The trolley is then taken 
by lift to the next floor of the warehouse and 
here the correct number and types of cardboard 
cartons to contain the orders are loaded on top. 
As mentioned earlier, the numbers and types of 
carton required are given on the assembly 
document produced by Leo. 

The loaded trolley is positioned at the end of 
a short roller conveyor where girls, working in 
pairs, assemble and pack the individual orders. 
The first girl selects the items from the trolley 
that go to make up one particular order. She 
checks these off on the salesman’s order form. 
This document is now used as the invoice to the 
customer. The second girl packs these items 
into the appropriate containers. Completed con- 
tainers are placed on a moving conveyor and 
transported to a room where they are closed by 
wire-stitching. They are then replaced on the 
conveyor and transported to the lorry loading 
bay, where a member of British Railways marks 
each box as it passes, to indicate to which goods 
station each particular package is to be taken 
according to the destination printed on the 
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address label. The cartons are loaded directly on 
to the appropriate lorries drawn up in the load- 
ing bay. Over 5,000 individual orders, of which 
2,000 are prepared by Leo, are dealt with each 
day by 20 pairs, or teams, of packers. 

An interesting point is that the salesman’s 
order form, the primary document, is made to 
perform several functions and thus there is no 
need for a large number of copies. Initially, 
information on the order form is transcribed on 
to punched tape for use in the computer, which, 
in phase A, calculated the discount and net 
value to be charged to the customer. This value 
is entered manually upon the order form. No 
individual item values are recorded, only the 
total. 

Finally, the order form is microfilmed and 
this is the only record of the transaction kept by 
Lyons. Incidentally, before the form is sent to 
the warehouse the address label for the con- 
tainer is attached. These labels are prepared 
automatically by an Addressograph machine 
from master stencils held on file. 

The data processing system just described 
surely must be one of the best examples of a 
truly integrated system in current operation. 
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A machine that learns 


First practical application of the principle of mechanical learning: highly ingenious, yet 
simple technique with apparently immense potentialities in both business and industry 


At present this “mechanical thinking”’ is employed by Solartron in their 
automatic keyboard instructor, which is estimated to reduce the cost of key- 
board training by well over 60 per cent. As the pupil becomes more efficient, 
the tempo of the exercises increases; if the pupil has difficulty over a parti- 
cular part, not only is the speed reduced automatically but also the machine 
helps by visual aids; in the later stages of the tuition the machine forces the 
pupil to concentrate on those portions that have not been properly assimilated. 

Since any improvement or deterioration in the individual’s performance 
causes an immediate response from the machine, the pupil is automatically 
stimulated or helped, as the need may be—this without any supervision. 

As the following articie reveals, the machine’s memory consists solely of 96 
electrical condensers, one for each of the 96 positions in which characters 
appear on the exercise card. 


concerned, the Solartron Electronic Group, 
Ltd., Thames Ditton, Surrey, have built and 


sl e.. electronic digital computer had hardly 
been developed before the idea of machines that 


could “learn” from their own experience was 
being propounded. Usually ideas precede 


achievement by many years, yet even at this 
early stage a simple, valuable, and extremely 
practical application of the principle of mech- 
anical learning exists. Indeed, already the firm 
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supplied, mainly to commercial companies, 
twelve teaching machines to train people to 
operate the keyboards of card punches. 

A study of the design of these machines is 
useful not only because of the new approach to 
training people in manual skills, but also 


Solartron Saki card- 

punch keyboard trainer 

is entirely automatic 
in operation 
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A Powers-Samas keyboard modified for use with the trainer 


because the principles involved are capable of a 
far wider application. Undoubtedly, within the 
next decade, these techniques will be used 
increasingly for such tasks as providing auto- 
matic control in the continuous-processing 
industries. For such applications the manage- 
ment will specify the task and the machine 
itself will make all the detail “decisions” 
necessary and, continuously measuring the per- 
formance attained, will adjust the operation to 
maintain maximum efficiency. In this context, 
machines that possess the ability to learn will 
be capable of doing a considerable proportion 
of the work now carried out by supervisory 
staffs throughout industry. 

The principle of mechanical learning can be 
used in a teaching machine because learning 
and teaching are, as it were, opposite faces of the 
same coin. While the pupil is being taught the 
instructor learns the capabilities of the pupil 
and modifies his training instructions accord- 
ingly. Hence the pupil acquires knowledge in 
the quickest and most efficient manner. This is 
precisely what is achieved by the Solartron 
automatic keyboard instructor (known in short 
from its initials as Saki). As the pupil becomes 
more proficient the lessons set by the machine 
become progressively more difficult. 


On the left is a Hollerith card-punch keyboard and on the right an IBM keyboard. Both can be fitted to the trainer 
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The upper panel, containing four lines of figures, shows the exercise to be 
performed. The lower display panel provides a visual aid indicating the 
correct key to press. A Powers-Samas keyboard is shown 


Should the pupil make a mistake the machine 
indicates the correct answer and proceeds to 
simplify the task set. In other words, the 
machine responds to the ability shown by the 
pupil and by always keeping one step in 
advance, but no more than one step, ensures 
that the individual learns at the maximum rate 
of which he or she— usually a “‘she’’— is capable. 

Saki consists of three units—the control unit, 
the display unit and the keyboard. The key- 
board used is the actual one on which training 
is required and not a replica. Actual keyboards 
are modified to work with the remainder of the 
equipment so that the pupil obtains the correct 
“feel” of the keyboard to be operated. Typical 
keyboards for card-punching machines are illus- 
trated. The teaching machine can be adapted to 
take Powers-Samas, IBM or Hollerith keyboards. 

The display unit is fitted with two panels 
that can be illuminated. One panel, the lower 
one, carries a diagram of the keyboard and the 
upper panel is a translucent screen on which are 
printed four rows of characters. These may be 
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either numerals or letters and cover the com- 
plete range of characters available on the key- 
board. First, the operation of the machine will 
be described. The pupil sits in front of the 
machine and, when it is switched on, a light 
will appear behind the first character in the first 
line of the upper translucent panel of the display 
unit. These characters represent the exercise to 
be performed by the pupil and the first figure 
illuminated indicates that the pupil is to depress 
the key representing this character. To help the 
pupil to identify the correct key a light also 
appears behind one of the keys—the appropriate 
key on the lower display panel. When the pupil 
depresses the key indicated, the lights on both 
display panels will be extinguished and another 
light will appear behind the second character 
in the row containing the exercise. Simulta- 
neously, the appropriate key to be pressed will 
be indicated on the lower panel. As the pupil 
depresses the required key the lights are extin- 
guished and the next character on the exercise 
display panel will be illuminated. 
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This sequence of operation continues. The 
pupil follows the exercise set by the rows of 
characters printed on the upper display panel 
as they are illuminated in turn, assisted by the 
visual display on the lower panel that helps her 
to select the correct key. As the response of the 
pupil becomes faster, the rate at which the 
characters in the exercise are presented by the 
machine is increased automatically. 

As the pupil becomes even more proficient, 
the lights that appear on the lower display panel 
begin to get dimmer until finally they go out. 
At this stage then, the visual assistance given to 
the pupil in selecting the correct key is with- 
drawn and should she not have learnt the 
disposition of the keys by this time, sooner or 
later she will make a mistake and depress the 
wrong key. Immediately this happens the 
machine slows down and the lights showing the 
correct keys to be pressed reappear. 

From this description it can be seen that the 
teaching machine modifies its response to suit 
the skill of the pupil. As proficiency improves, 
so first the speed at which the exercise has to be 
performed is increased and, secondly, the 
visual assistance given in selecting the correct 
key is discontinued. 

The complete exercise shown on the upper 
display panel contains four lines, each of 24 
characters. The first line naturally starts off 
with easy sequences of the keyboard characters 
and these sequences grow more complex until 
the final line will be a completely random 
selection of the characters available. When the 
end of one line is reached, the machine returns 
to the beginning of the same line and repeats it; 
the machine does not start on the next line. 


Proficiency 


Until the pupil is proficient, the original line 
is repeated continuously. When the pupil is 
able to repeat the exercise line correctly and 
has reached a certain speed of operation she is 
judged to be proficient on this line and the 
machine will switch automatically to the next 
slightly more difficult line. This training se- 
quence continues until the final line is reached. 

With this method the pupil is always presented 
with a challenge. She competes with the 
machine, attempting to keep the lights out. 
Should she start making mistakes, the machine 
immediately slows down and the lights of the 
keyboard display reappear to assist and en- 
courage her to have another try. The perfor- 
mance of a pupil is assessed from two counters, 
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fitted in the control unit, that record the 
number of correct keyboard depressions made 
during a training session and also the number of 
incorrect ones. 

It is not claimed that the machine can train 
card-punch operators completely because the 
job involves more than just the correct operation 
of a keyboard, but it is claimed that it does 
teach a pupil accurate fingering and the dis- 
position of the keys on the keyboard. A pre- 
liminary estimate suggests that one hour’s 
training on Saki is the equivalent of three hours’ 
training using conventional methods that 
require human supervision. 

Other advantages are claimed. One is that it 
eliminates the need to  verify—manually— 
actual cards punched, the number of correct 
and incorrect punchings being shown on the 
counters. Further, it teaches touch-typing from 
the beginning, since the operator watches the 
lights on the display panel and not the key- 
board. Also only the minimum of human 
supervision is needed. 


Training periods 


From experience to date, it has been found 
that maximum benefit is obtained if each pupil 
uses the machine for about three-quarters of an 
hour at a stretch. 

Exercises can be altered. The translucent 
card on which the four rows of characters of the 
exercise are printed can easily be removed and 
replaced by another card carrying a different 
exercise. At the same time the internal circuits 
of the machine have to be altered and this is 
done, quite simply, by removing a plug-in 
block, called the programme block, and replac- 
ing it by another. The programme _ block 
consists of eight printed circuit cards which 
make the appropriate electrical connections. 

Saki, less the keyboard, but including one 
programme block, costs £575. A Powers-Samas 
keyboard to go with the machine costs £50, a 
Hollerith keyboard £60 and additional exercise 
programme blocks cost £8 each. 

Although the principle of learning from 
experience is a complex one, the electronic 
circuits associated with this machine are simple. 
The memory, where the performance of the 
pupil is gauged, consists of 96 condensers, one 
for each of the 96 positions in which a character 
can be printed on the exercise card (four lines of 
24). A rotary switch with contacts spaced around 
the periphery controls the action of the machine. 
When the start button is pressed the rotary 
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switch moves to the first contact. This causes the 
bulb behind the first character of the exercise to 
be illuminated simultaneously with the bulb 
behind the appropriate key of the keyboard 
display. It also connects the circuit to the first 
of the 96 condensers. At the beginning of a 
training sequence al! these condensers are 
uncharged. If the correct key is depressed a unit 
electrical charge is given to the condenser. 
After the first action has been completed, the 
rotary switch receives an impulse and moves to 
the next, or second, contact. This switches on the 
bulb behind the second character of the 
exercise and also indicates the appropriate key 
on the keyboard diagram; it also switches into 
the circuit the second condenser of the memory. 


Operating speed 

An interval of four seconds is allowed for the 
pupil to select the appropriate key. Should a 
key not be depressed at the end of this time, 
the rotary switch is automatically indexed to the 
next position. This four-second frequency 
is the slowest speed at which the machine 
operates. As the exercise proceeds, an electrical 
charge builds up in each condenser; this effec- 


The programme block 
and the associated 
exercise card 


P/S 


tively records the proficiency of the pupil in 
selecting the correct key for the character in 
that position on the exercise card. As the level 
of the electrical charge stored by a condenser 
increases so the intensity of the indicator light 
on the keyboard display is reduced until, when 
a certain level of charge is reached, the light is 
extinguished. Also, as the level of the electrical 
charge increases, the time allowed for the pupil 
to press the appropriate key is reduced. 

Should the pupil press the wrong key, the 
particular condenser is discharged completely, 
wiping out all unit charges stored in that 
condenser from previous correct operations. 
This, of course, has the effect of bringing the 
light of the keyboard display back to full bright- 
ness: it also slows down the machine at this 
particular point in the exercise and allows the 
pupil the full four seconds in which to select the 
correct key. 

A separate condenser is used to measure the 
average speed with which the pupil responds 
for all the characters presented on one line of the 
exercise. The level of charge built up in this 
condenser is a measure of the pupil’s proficiency 
on that line. When this value reaches a certain 
limit, the machine automatically switches to the 
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Programme blocks and exercise cards can be changed easily 


Interior of display unit showing, on the left, the 96 con- 
densers of the *“‘*memory” 
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next line of the exercise. The actual level of 
charge at which this action will occur can be 
altered by a manual control placed at the back 
of the control cabinet. By adjustment of this 
control the degree of proficiency needed to 
change from one line of the exercise to the next 
can be made either higher or lower. 

Maximum operating speed is six characters, or 
key depressions, per second. A good operator 
can exceed this speed for short periods, but 
since the machine is primarily intended to train 
people fresh to keyboard work this upper speed 
limitation is not significant. 

To assist in the selection of personnel for 
training, provision is made for a pen recorder to 
be connected to the machine. After a relatively 
short trial period on the teaching machine the 
aptitude of a person for this type of work can be 
accurately assessed by examining the pattern of 
the trace produced by the pen recorder. 

While the machine described is designed to 
train card-punch operators, suitably adapted it 
could, of course, be used to familiarize operators 
with other types of keyboard. Recently a proto- 
type trainer has been made that includes the 
keyboard of an adding machine. The _ basic 
principle of operation of this machine is similar, 


Prototype adding machine trainer. Numbers of the exercise are displayed on the six neon tubes 


but, because of the different nature of adding 
machines, a different type of display is necessary 
and no visual aid in the selection of the correct 
key is given. 

As most people are aware, operation of an 
adding machine demands that several keys be 
depressed in sequence to make up a complete 
number, which is then recorded by pressing an 
‘“‘add’”’ button. Consequently the exercise dis- 
play consists of six neon number-tubes on which 
a six-digit number can be shown. The number 
to be entered on the keyboard is displayed on 
these neon tubes and the pupil is required to 
depress the appropriate keys in the correct 
sequence. 

A different method of programming the 
exercise is used, and the machine is controlled 
by a perforated tape that is indexed forward a 
line at a time past a series of electrical contacts. 
This punched tape determines the numbers to be 
displayed for the exercise and controls the 
switching of the required circuits in the machine. 

Although a six-digit number can be shown, 
initially the machine begins with simple groups 
of three digits. When the pupil is proficient in 
these, the internal circuits of the machine are 
altered automatically so that numbers of 
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greater complexity are displayed; for example, 
more difficult groups of three digits or simple 
four-digit groups. As the performance of the 
pupil further improves, so the difficulty of the 
exercise is progressively increased, stage by 
stage. Thus, in the adding machine trainer not 
only is the speed of the exercise increased auto- 
matically, but so also is the complexity and 
length of the lesson. 

Other projects that are being developed are a 
typewriter trainer and a teletypewriter trainer. 
In the latter case the operator is required to 
transcribe from audible Morse code signals 
directly on to the keyboard of a teletypewriter. 

It has been intimated that learning machines, 
even relatively simple ones such as these, can be 
applied to problems other than teaching. In the 
factory, such techniques could, for example, be 
readily used to control the supply of parts to 
individual operators engaged on assembly work, 
the number of units supplied to any particular 
operator being based automatically on the 
speed at which he is working. 

Solartron have been developing these ideas 
over the past three years. Production of card- 
punch trainers began in June, 1958, and the 
first machine was delivered in September. 
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Filing business data on 
magnetic tape 


Most business data processing systems use magnetic tape for recording 
the bulk of the information that has to be held on file. The amount of data 
associated with any individual commercial transaction can vary consider- 
ably and means of handling information in quantity that contains records of 
varying length have had to be devised so that the maximum amount of data 
can be stored in a given length of tape. Economy in recording data on 
magnetic tape is essential if computer operating speeds are not to be limited 
by the rate at which the data can be obtained from the tape. 


By J. F. Davison 


| ee digital computers used for scienti- 
fic and technical calculations are not normally 
required to store more than a few thousand 
numbers and instructions. This requirement can 
be readily met by storage devices such as 
magnetic drums or discs, and access can be 
obtained quickly to the data held, no matter in 
which particular part of the store it is located. 


Mr. J. F. Davison is with Ferranti Ltd. 


Magnetic tape provides a compact medium on which large 

quantities of commercial information can be stored. This reel, 

103 inches in diameter, contains 3,000 feet of tape. The 
punched section 1s used as a leader when fitting the tape 
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Such devices are called random-access stores 
and they hold anything from 1,000 to 16,000 
words, a word being the generally accepted 
name of the basic unit of information handled 
within a computer. 

However, when commercial data processing 
is considered it frequently happens that far 
more information must be held than can 
possibly be accommodated by any conventional 
random-access store. For example, an insurance 
company may have a million policies, each 
requiring 30 words of storage capacity leading 
to a total requirement to store 30,000,000 words. 
Equally large information storage facilities 
would also be required for the parts list of a 
motor manufacturer, since such a list could 
contain tens of thousands of items, each needing 
several words storage capacity to accommodate 
a full stock record and a complete description 
of the part. 

It is for requirements such as these that 
magnetic tape has been developed as a com- 
puter storage medium. It is now made available 
with most electronic digital computers that are 
aimed at the business data processing market. 
As many as 300,000 words can be stored on one 
reel of magnetic tape and as the tapes them- 
selves are cheap, relative to the overall cost of a 
computer installation, a store of virtually 
unlimited capacity can be obtained at a 
reasonable cost. Magnetic tape is not a random- 
access storage medium, as the tape has to be 
read in sequence and generally it takes several 
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Babcock and Wilcox have equipped their Pegasus computer with magnetic tape units. These units are fitted principally to enable 
the computer to be employed on commercial data processing work 


minutes to move from one end of a reel to the 
other, regardless of whether the intervening 
information is required or not. Nevertheless, 
magnetic tape is a satisfactory storage medium 
if the information can be called for in the order 
in which it is recorded on the tape. For most 
commercial work it is possible to arrange for 
this by keeping the information on the tape in 
some natural order. For example, insurance 
policies would be held in policy number order, 
and motor parts recorded in part number order. 

If the principle is accepted that digital 
information can be stored on magnetic tape and 
read back at speeds which match the operating 
speeds of electronic computers, the next thing 
to consider is the arrangement of the recordings 
made on the tape. Magnetic tape is normally 
from + to | inch in width. Between 4 and 16 
recording tracks are spaced across the width of 
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the tape and all these tracks can be used 
simultaneously. Whenever data is being ob- 
tained from the tape or recorded on it, known 
as reading or writing on the tape, the tape 
must be running at some predetermined fixed 
speed. Thus for a given magnetic tape system 
the speed at which information is transferred 
between the computer and tape is fixed. This 
fact makes it impracticable to record informa- 
tion continuously along the tape, and the usual 
practice is to record blocks of information, 
corresponding to some convenient unit of 
information handled inside the computer. 
The gaps between individual blocks are long 
enough to allow the tape to be stopped, and for 
it to be restarted and regain operating speed 
before the next recorded block of information 
is reached. Although these gaps must always be 
present, the tape will in general only stop if the 
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computer does not call for the next block of 
information immediately, or very soon after it 
has finished reading or writing the current 
block. Thus the computer can operate at any 
speed up to the maximum of the tape. 

Most existing magnetic tape systems conform 
fairly closely to that described so far, but 
beyond this point there are significant differ- 
ences. Attention will now be confined to a 
particular magnetic tape system, that used with 
the Ferranti Pegasus computer. 


Pegasus magnetic tape system 


The Pegasus system uses eight-track magnetic 
tape half inch in width. One track is used for 
section addresses, that is the code numbers 
needed to identify particular blocks of data. A 
second track is a clock track used for synchroniz- 
ing the operation of the magnetic tape with the 
computer when reading or writing is being 
performed. The remaining six tracks are for 
data, which are recorded on the magnetic 
tape in a series of rows spanning these six tracks. 
Each character is defined by the pattern of 
magnetized spots recorded in the tracks across 
one row, and consequently is represented by a 
six bit code*. The Pegasus word has 42 bits 
occupying seven rows on the tape and the 
words are handled in blocks of eight inside 
the computer. 

Data may be recorded on the tape in one of 
two ways in sections consisting of either two 
or four blocks, that is in sections containing 
either 16 or 32 words. The latter method uses 
the tape more efficiently, as fewer stop-start 
gaps are needed, but the former method gives 
more freedom to the programmer who has to 
plan in detail how the computer is to do each 
jobt. 

The two methods cannot be mixed on one 
tape, but it is quite possible to be using both 
methods at one time on separate magnetic 
tapes fitted to different magnetic tape units. 
The number of units included in an installation 
will vary with the needs of the user, but five or 
six may be regarded as typical for commercial 
data processing work. 


*The principles and characteristics of codes used to 
express data in this way have been described in “The 
Universal Language of Computing,’ page 18, Data 
Processing, January-March, 1959. 

+Programming is discussed in the articles, “How an 
Electronic Digital Computer Calculates” and “Automatic 
Programming,” both in the January-March, 1959, issue 
of Data Processing. 
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Automatic checks are performed on all tape 
operations. Each magnetic tape unit is fitted 
with a reading and a writing head. As a section 
of data is written on the tape a check sum is 
formed of all the characters in it, and this check 
sum is recorded on the tape as the final character 
in the section. The reading head, placed just 
after the recording head, reads the information 
which has just been written on the tape. 
Another check sum is derived from this data and 
compared with the recorded check sum. If 
these check sums are not identical the tape is 
reversed and the block re-read. This action may 
be repeated up to eight times. If agreement still 
cannot be reached the computer stops. Further 
attempts may then be made and the fault must 
be located and remedied before the computer 
will proceed. 

Similar checks are performed on all data 
read from the tape. As far as the programmer is 
concerned what this means is that, first, he 
does not need to include special checks in the 
programme to confirm the accurate working of 
the magnetic tape units and, secondly, he can 
have absolute confidence that errors will be 
detected not merely eventually, when it may be 
too late to remedy them, but immediately. 


Fitting file records on magnetic tape 


When a particular job is to be fitted on to a 
magnetic tape system, one of the basic questions 
which must be answered at an early stage is 
how the main information files are to be held 
on the magnetic tape. The size of the individual 
file records is, of course, a critical point. If it 
happens that this is something just less than 
either 32 or 16 words one is fortunate and the 
best policy seems obvious. However, in general, 
the file record size is not likely to fit the mag- 
netic tape section length so closely and then the 
following are among the possible solutions. 

If the item size is two, four, or eight words in 
length, an integral number of items can be 
packed into a section. This does not complicate 
the work too badly, and is usually a satisfactory 
solution if applicable. Should the item size be 
greater than 32 words, two sections, or more if 
necessary, can be allocated to each item. This 
will be very wasteful of tape in some cases 
where, for example, the size of the record only 
just exceeds 32 words in length. 

It is apparent that these techniques will only 
provide a good solution in a few cases, and they 
would tend to be very bad where the size varies 
considerably from record to record. This latter 
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condition is in fact fairly common in commercial 
work, and if one still persists with recording 
data in blocks of fixed length, the length chosen 
must be such as to accommodate the largest file 
record handled, with the result that a con- 
siderable amount of magnetic tape will inevit- 
ably be wasted. 

An example of what can happen is shown in 
the Table opposite where two possible layouts 
for an insurance policy record are given. One 
is a fixed-length layout, with spaces left for all 
possible entries whether applicable or not, and 
the other assumes that the individual records 
may be of eny length. The form of the record 
for the purpose of illustration is far simpler 
than would occur in practice. With the variable- 
length layout all the space is saved which is 
allowed in a fixed-length layout for details that 
frequently do not exist. Some space, however, 
is lost as each record in a variable-length 


layout must contain an indicator word, or 
some similar device, that describes the data 
that follow. The important point is that in the 
example, and usually in practice, far more is 
gained than is lost in terms of space on the 
magnetic tape. The actual amount of the 
saving can, of course, only be assessed for 
specific cases, where the relative frequencies of 
all the various possible entries in the record are 
known. 

Now to consider how this method is applied 
inside the computer. On some computers 
variable-length records can actually be written 
as such on the tape, in fact the programmer 
determines how long each section of information 
is to be. However, there is usually still a restric- 
tion on the maximum number of words which 
can be held ina section. On Pegasus the variable- 
length records are fitted into fixed-length 
sections. There is still the choice between 16- 


Four magnetic tape units are fitted to the Babcock and Wilcox computer installation. Units can 
be added as information storage capacity requirements increase. Removal and replacement of 
a reel of magnetic tape occupies about 14 minutes 
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ARRANGEMENT OF A FIXED-LENGTH RECORD 


WORD DETAILS OF DATA ON 
No. RECORD TAPE 
0 | POLICY NUMBER 76453861 
1 | TOTAL PREMIUM £45 6 8 
2 | TOTAL BONUS = 
3 | EXISTING LOAN DEBT = 
4 | DATE PREMIUM DUE 23/8/58 
5 | SUM ASSURED £1,500 
6 | CASH OPTION = 
7 MR. J. F. 
8 || MEMBER’S TITLE, SMITH 
9 || INITIALS, = 
10 | | SURNAME = 
7 24, MAS 
12 || ADDRESS ON RD, 
13 | | FOR LONDON 
14 || PREMIUM N.E.19 
15 || NOTICES — 
16 = 
17 = 
18 |‘ LIFE ASSURED’S J.F.SM 
19 || INITIALS AND ITH 
20 | | SURNAME = 


ARRANGEMENT OF A VARIABLE-LENGTH RECORD 


WORD DETAILS OF DATA ON 
No. RECORD TAPE 
0 | POLICY NUMBER 76453861 
1 | TOTAL PREMIUM £45 6 8 
2 | DATE PREMIUM DUE 23/8/58 
3 | SUM ASSURED £1,500 
4 | INDICATOR WORD abcde 
5 MR. J. F. 
6 SMITH 
7 24, MAS 
8 ON RD., 
9 LONDON 
10 N.E.19. 


The indicator word is split up into groups of bits (some 
one bit only) that describe the data to follow. It might 
take this form: 


a Whether Bonus No 
b Whether Cash Option No 
c Number of words used for member’s name z 
d Number of words used for address, etc. 4 
e Whether life assured same as member’s Yes 


and 32-word sections, but it is generally better 
to use the latter, as more information can be 
packed in a similar length of tape. This leads to 
fewer tapes being required for a given number 
of file records. Consequently, a smaller percent- 
age of operating time is occupied in rewinding 
tapes and changing reels. 

In practice it is frequently necessary to scan 
a file of items to locate specific entries, and in 
these circumstances it would be very awkward 
and time-consuming if each unwanted record 
had to be examined in considerable detail 
merely to be able to ascertain where it ended 
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and the following record began. It is, therefore, 
desirable to have some straightforward means 
of recognizing the beginning of each record. 
There are several possible ways of doing this, 
but the one adopted for Pegasus is as follows. 
Every word is preceded by a sign bit which 
indicates whether it is positive or negative, and 
words which begin a record are made negative 
while all other words in the record are positive. 
It is then very easy to scan through a file, 
looking at every word in it, and recognizing the 
first word in each record by the fact that it is 
negative. Although at first sight this procedure 
may appear time-consuming it does not slow 
down the tape-reading speed by very much. 

If the recognition and scanning of file records 
in this manner had to be programmed as part of 
each job undertaken, this method might well 
turn out to be impracticable as it would put 
a very heavy burden on the programmer. 
However, it is quite feasible to deal with most of 
the extra work involved by means of standard 
unit programmes, known as sub-routines. A 
sub-routine is a short programme devised to 
perform a particular standard procedure that 
will be required repeatedly. 


Types of commercial work 


On considering the type of work which is 
going to be carried out on these files, most 
commercial applications appear to be of two 
types, either sorting or updating files. 

In sorting, either new records outside the 
system require to be entered, or it is necessary 
to rearrange the whole of, or extracts from, an 
existing file. At this stage it is necessary to 
introduce a further convention, that the key- 
word (e.g. policy number or part number) shall 
be the first word in each record. The keyword is 
thus marked with the negative sign bit men- 
tioned previously. 

There are several possible sorting techniques 
on a magnetic tape computer system, but one 
of the most popular is the merge-sort method. 
On Pegasus this involves filling the main store 
(magnetic drum) with as many records as 
possible, sorting these into order and then 
copying them out on a magnetic tape. This 
sequence is repeated until all the records have 
been dealt with; then the strings of records on 
the tape are again sorted by the computer and 
merged to make one long continuous string. 

The standard programme used for this task 
is not as fast as the tape transport speed, but 
runs on average at about 70 per cent of this 
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speed. Consequently, if the records are stored on 
the magnetic tape in fixed-length form, then 
should 30 per cent of the tape be empty, sorting 
speed will be limited by the rate at which data 
can be obtained from the tape. In contrast, 
should the variable-length method of recording 
data on the magnetic tape be used, the sorting 
speed will be limited only by the rate at which 
the computer programme is performed. This 
figure of 30 per cent then is the point at which 
it becomes economic to use the variable-length 
method of recording data to be held on a 
magnetic tape file. 

Updating files can be a very complicated job, 
but the essential features are simple. There is a 
main file of individual records on magnetic 
tape, in keyword order, and a set of amend- 
ments, usually also on tape, sorted into the 
same order. Not all of the main file records will 
require to be amended, but occasionally there 
will be more than one amendment per record. 
The main file and the file containing the 
amendments are scanned concurrently, un- 
amended records being copied directly on to a 
third file that will constitute the new updated 
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Control console for the mag- 

netic tape units contains a 

buffer store that holds data 

until either the computer or 

a magnetic tape unit is ready 
to receive them 


main file at the end of the operation. Records 
having a corresponding amendment are altered 
and are then written on to the new main file. 
The actual amendment process will vary from 
job to job. For instance, in insurance work the 
payment of premiums on policies may have to be 
noted, or in stock control work the job is to 
deduct or add units to the record of the stock 
held according to the works advice notes and to 
test for stock warning levels. That is if the stock 
held should fall below a predetermined level 
warning must be given. Nevertheless, the 
organizational work connected with the reading 
of the original and amendment files and writing 
out on the new main file is common to all work 
of this character, and it is well worth while to 
provide a general-purpose master programme 
for this task. The programmer responsible for 
the particular job then produces a subsidiary 
programme, for inclusion in this master pro- 
gramme, which actually makes the required 
type of amendment once coincidence between 
the keywords of the original file record and the 
amendment file has been obtained. The master 
programme developed for Pegasus also deals 
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with many more possible complicated situations 
such as providing for the case where an amend- 
ment item has a keyword not on the original 
file, inserting and deleting items on the main 
file and so on. 

As with sorting, for most of the time the 
programme for updating files runs at less than 
maximum tape speed; and this figure also 
happens to be 70 per cent. Thus, similar argu- 
ments apply as to the point at which variable- 
length working becomes economic. 

In assessing the value of variable-length 
working, account has been taken up to now 
only of the computer time required for running 
the programme. A further very important 
consideration is the saving that can be made in 
preparing the programmes. There are several 
possible sorting techniques, some being more 
appropriate if the data are already partially 
sorted. Thus, if a separate programme had to be 
prepared to cater for each of a wide range of 
fixed-record sizes (say 2, 4, 8, 16, 32 and 64 
word items) the task of programming might 
become overwhelming. Even if the programme 
required for handling records of variable-length 


Cleanliness is of the greatest 
importance. Each magnetic 
tape unit is fitted with its 
own air filtering and 
conditioning equipment 
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is not quite as efficient as a programme for 
handling fixed-length records it may still be 
preferable to use the variable-length method to 
reduce the burden of programming work. Only 
one programme would be required for variable- 
length working instead of, for example, the six 
needed to cover the range of fixed-record sizes 
just quoted. 

The variable-length method also gives more 
freedom in planning how a job should be 
tackled. For instance, it might happen that 
some obvious approach to a particular job 
requires a file consisting of some long items and 
some short ones, involving say 32 and 4 words 
per record respectively. To allocate 32 words 
storage capacity for the short records would be 
very wasteful of tape and also of computer time. 
Preparation of the special programmes needed 
for dealing with a mixture of 32 and 4 word 
items would also be expensive. Thus in the end 
the job might have to be tackled in some less 
satisfactory way. This dilemma can be avoided 
altogether if variable-length working is adopted 
as the standard method of doing the job and 
consequently is available from the outset. 


Rapid production 0: 


Printing data by styli at 300 lines a minute 


Each line printed by the Samastronic can be up to 14 inches in length and 
contain 140 characters. A range of 50 characters or symbols can be printed. 
The Samastronic printing head has also been included in a new design of 
high-speed punched card tabulator. This machine can read standard 65- or 
80-column punched cards at 300 a minute and prints the data directly on to 
continuous stationery that may be of any width from 3} inches to 18? inches. 
Sterling and decimal data can be handled and the tabulator is equipped with 
seven adding registers of 10 digits capacity on which sub-totals, totals and 
grand totals can be summed. Adding registers of greater capacity, 13 
digits, can be supplied. An unusual feature is a phrase-printing device. 


Cs) speed of printing limits the volume of 
work a data processing installation can handle. 
This is especially true of commercial work where 
considerable numbers of documents are required. 
An obvious method of speeding up printing is, 
of course, to use machines that print a complete 
line at a time, in contrast with one character at 


a time. For this reason all the early electronic 
digital computer installations engaged on com- 
mercial work made use of an existing item of 
punched card machinery—the tabulator. While 
as inferred, this prints a complete line at a time, 
the speed is still relatively low—of the order of 
80 lines a minute, and something faster is needed 


to work with an electronic computer. 

To this end, in 1953 Powers-Samas Account- 
ing Machines, Ltd., now merged in_ the 
larger company International Computers and 


Arrangement of the Samastronic printing head. 
The solenoids that impulse the printing styli 
are grouped in an arc above the printing 
position. A printing head fitted with 102 
solenoids is shown; the standard production 
head is equipped with 140 solenoids 
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-ommercial documents 


Tabulators, Ltd., started work on a new high- 
speed line printer. This is now in production 
and has been given the name Samastronic. It is 
solely a printing machine and, as such, it is 
connected to or built into other data processing 
equipment. Its two principal applications are as 
a high-speed output printer for electronic 
digital computers or, in a conventional punched 
card installation, as part of a new high-speed 
tabulator known as the Samastronic tabulator. 
Another version of the printer that is built for 
computer data processing installations operates 
independently of the computer (off-line opera- 
tion) and converts into print data recorded on 
magnetic tape. 

With the Samastronic printing head, a range 
of 50 characters can be printed at any, or all, of 
140 positions—this number gives a line 14 inches 
in length. At maximum speed the head prints 
300 lines a minute. Character spacing is the 
same as that commonly used in typewriting, ten 
characters to the inch. Of the group of 50 
characters for printing, six may be specified by 
the user; the remaining 44 comprise the alpha- 
bet, decimal figures and certain fractions and 
arithmetical signs. 


Printing technique 


In order to print at these speeds a new print- 
ing technique was evolved. Each character is 
formed by a large number of individually 
printed dots that overlap. These dots are printed 
by a reciprocating stylus that moves over the 
area where the character is to appear. 

The paper is wound over a roller, and between 
the paper and the printing stylus is threaded a 
carbon ribbon. As the stylus impinges on the 
ribbon so a dot is printed on the paper under- 
neath. The ribbon is over 14 inches in width and 
is made from a fabric impregnated with carbon. 
Two movements combine to enable the stylus 
to delineate the character to be printed. One 
is provided by the paper-feed mechanism. 
Paper is fed past the printing head at a steady 
rate by two chain and sprocket drives which 
engage with the perforations down the sides of 
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Detail of solenoid-operated printing stylus. The zig-zag 
path traced out by the stylus is shown 


the continuous paper stationery. The other 
movement is obtained by the stylus travelling 
from side to side. 

There is one stylus for each of the 140 spaces 
in the line. They are supported at their extre- 
mities by jewelled bearings fitted in a bar which 
is reciprocated through a distance of 0.08 inches 
in a direction at right angles to the paper-feed. 
Consequently each stylus traces out a zig-zag 
path over the paper. The path taken is shown 
in the illustration above. Fifteen passes are 
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Impulses given to a stylus when printing the letter B. In the 

lower diagram is shown the disposition of inserts in the disc 

to produce these impulses. Figures refer to the order in 
which the impulses are transmitted and the dots printed 


made over the area occupied by a character. 
As it follows this path, the stylus receives a 
series of impulses at the points necessary to 
portray the required character and, to the eye, 
a reasonably uniform and continuous image of 
the character is produced. A character, and in 
fact the entire line, is printed in 1/5 of a second. 
The illustration above shows magnified the 
positioning of the dots to make the letter B. 

A solenoid is used to provide the impulses. 
Because the solenoids are relatively large they 
have to be grouped in an arc above the recipro- 
cating bar and operate the styli through flexible 
cables. The signals that energize the solenoids at 
the correct times are received from coded discs 
via a decoder unit. 

At the rear of the machine is a large drum 
made up of a stack of 50 separate coded discs. 
All the time the printer is in operation this 
drum revolves at a constant speed of 300 revo- 
lutions a minute. Each disc, made from an 
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insulating material, represents one of the 
characters that can be printed by the machine. 
Brass segments are set round the periphery of 
each disc. A carbon brush makes electrical 
contact with the edge of the disc and as each 
segment passes underneath the brush so an 
electrical impulse is transmitted. Pulse signals 
from all the 50 discs are sent to a decoding unit. 


Decoding unit 


The purpose of the decoding unit is to select 
the appropriate pulse train according to the 
information read from the card so that the 
correct character is printed. For example, a line 
of 140 A’s might be required, in which case the 
signal received by the decoder from the coded 
disc A would be sent to all the 140 solenoids. 
The disposition of the brass inserts round the 
disc for the letter B is shown on the left. 


Assembly of coded discs. This unit rotates 
at 300 revolutions a minute 
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Part of a document—reproduced here full size—printed by the Samastronic at 300 lines a minute 


Both the insert and the associated dot it pro- 
duces on the document are indicated on the 
drawing by identical numbers. The gap between 
the last insert 22 and the starting position for the 
disc is the allowance for the space between the 
printed lines. 

Normally, data are printed at six lines to the 
inch, but by varying the speed at which the 
paper is fed through the machine, other line 
spacings can be produced. As standard, machines 
are supplied to print at either six or eight lines 
to the inch. Maximum depth of individual 
forms is 16 inches. Vertical spacing of the lines 
on the document is controlled by a paper feed 
wheel. A different wheel is needed for each 
type of document produced and these wheels 
can be quickly changed by the operator. 
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Two separate reels of continuous stationery 
can be fed under the printing head simul- 
taneously at different speeds by means of a 
special double feed mechanism. When this unit 
is fitted it is possible to print lists on one reel of 
paper and sub-totals and totals derived from 
these lists on the other reel. 

If stationery interleaved with carbons is used, 
up to three copies can be produced at the same 
time. Also, of course, by supplying identical 
signals to two sets of solenoids simultaneously, 
it is possible to produce duplicate copies of the 
same data side-by-side—that is, if the two lines 
are less than 70 characters in width. For 
example, an invoice can be printed on the left- 
hand side of the paper and a packing note on 
the right, both containing similar information. 
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This, then, is the Samastronic high-speed 
printer. As has already been mentioned, it may 
be used connected directly to a computer or 
included as the printing unit in a high-speed 
tabulator. The printer itself costs £10,000 and 
the Samastronic tabulator into which the 
Samastronic printing head is built costs about 
£20,000. 

The Samastronic tabulator possesses all the 
standard features of a tabulator: that is, data 
appearing as punched holes in cards are trans- 
lated and printed directly on to the appropriate 
documents, but this machine has the advantage 
that it performs this work at a much higher 
speed. Standard 65-column or 80-column 
punched cards are read at a speed of 300 a 
minute. Since the printing rate is also 300 lines 
a minute, the data for one line are carried on 


one card. However, it is possible to print more 
than one line for each card handled or, alter- 
natively, to print one line from data read from 
two or more cards. Either of the two paper feed 
speeds can be selected, so there can be either 
six or eight lines to the inch. 

Cards to be tabulated are placed in a hopper 
at one end of the machine and from there they 
are fed in sequence to the first reading station. 
Data are read from the cards mechanically by 
pins which penetrate the holes and_ close 
electrical switches. At this first station, data 
are read from one section of the card, usually 
the upper three rows that specify how the infor- 
mation punched in the remainder of the card 
is to be interpreted and for what purpose it is to 
be used. Control holes in these positions regulate 
the feeding of the paper and similar functions. 


The Samastronic high-speed tabulator reads punched cards at the rate of 300 a minute 
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(Below) Either three or six additional adding registers (Above) Data are read from punched cards at these two 
housed in this cabinet can be connected to the tabulator stations in the Samastronic tabulator 


The card now passes to a second reading 
station and here the remainder of the data 
entered on the card are read and printed out on 
the document in the correct positions. Data 
contained on a card are generally numerical, 
but alphabetical characters can be entered if 
required to provide identifying information. 

Seven adding registers are fitted to the 
tabulator; on these totals and sub-totals, nega- 
tive or positive, can be summed. Checking 
circuits operate in conjunction with the adding 
circuits to confirm correct functioning. 

Additions or subtractions from the totals in 
the registers can be made—subtraction being 
indicated by a hole punched in a special position 
in the card. If required, additional registers can 
be operated by the machine, provision being 
made for a cabinet containing either three or 
six extra registers—decimal or sterling—to be 
connected to the tabulator. 
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The registers are made as plug-in units and 
each register has a capacity of ten decimal 
digits. Larger registers with a capacity of 13 
digits can be fitted or, for accountancy work, 
the decimal registers can be changed for sterling 
registers. A signal lamp on the control panel for 
each register indicates whether the particular 
register is operating correctly. Should a fault 
develop in a register, the tabulator will stop 
automatically, whereupon the faulty unit can be 
unplugged and replaced. 

From an operational point of view the 
Samastronic tabulator is more flexible than the 
majority of existing tabulators because provision 
is made for adding sub-totals to produce grand 
totals, also items appearing in one line can be 
cross-added and the total printed in the end 
column of the same line. Electrical connection 
units fitted to the tabulator control various aspects 
of the machine’s operation. A connection unit is 
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Operation of the tabulator is controlled by connection units 
that can be changed easily and quickly 


an easily removable plug-in unit that contains a 
number of permanently wired electrical junc- 
tions. When a connection unit is plugged in, it 
interconnects electrically the many internal 
circuits in a certain order, so that the machine 
will perform the particular work required of it. 
If another job or, maybe, a card of different 
design is to be handled which requires the 
circuits to be interconnected in a different way, 
it is merely a matter of plugging in another 
connection unit. 

One of the principal purposes for which these 
units are used is to specify where the data read 
from a particular position on the card, or 
accumulated in the adding registers, are to be 
printed on the document. Four connection 
units, each giving a different printing layout, 
are fitted to the Samastronic tabulator. Which 
connection unit is to be used for a particular 
card is part of the data read from the card at the 
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Phrase-printing panel on which complete sentences of up to 
32 characters in length can be constructed 


first sensing station of the machine. Other 
connection units are used to select from each 
card the data that is to be sent to the various 
summing registers to be totalled. 
Many special units for performing specific 
tasks can be built into the tabulator. One is an 
automatic totalling attachment. A pack of 
cards being tabulated may consist of several 
separate batches for which individual totals are 
required. If each batch of cards is given a 
different code number and this code number is 
reproduced in all the cards of one batch, a 
change in code number occurring between 
adjacent cards obviously indicates the end of 
one batch and the beginning of the next. This 
situation is detected by the automatic totalling 
attachment, and the total compiled in any one 
or all of the registers relating to the batch just 
completed will be automatically printed out. 
Another useful accessory is the phrase-printing 
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A summary card punch can be connected to the tabulator 


pane]. By selecting and electrically inter- 
connecting holes in the panel with jack plugs, 
the operator can construct any phrase up to 
32 characters in length. When a hole is detected 
in a card in a special position a complete phrase 
will be printed out automatically. Examples of 
such phrases are, ‘““This week you have a tax 
refund,” “Balance owing is shown in_ last 
column,” or shorter ones such as ‘‘Goods value,” 
“Purchase tax”? and “Amount payable.” 

A unit that can be coupled temporarily to the 
tabulator is a summary card punch. This unit 
will punch a card every time a total or sub-total 
stored in one of the registers is printed out. The 
unit will also punch in these summary cards any 
associated alphabetical descriptions or nume- 
rical codes needed to identify the data. 


Other applications 


The Samastronic tabulator represents a 
notable advance in tabulator design if only 
because it operates three times as fast and can 
print lines almost twice as long as those produced 
by conventional tabulators. Definition of the 
characters is, of course, not perfect compared 
with type; nevertheless, it is clear and legible. 
The Samastronic high-speed printer by itself is 
also proving popular as an item of auxiliary 
equipment in comprehensive computer data 
processing systems produced by other firms. 
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Classifying information 


Methods whereby it is possible immediately to trace any item or fact that is required 


How many times does the situation arise where information known to be 
within the organization cannot be found? Every such instance is, of course, 
evidence of poor classification. This article discusses means whereby items 
and facts can be concisely, accurately and positively identified in a language 


common to all departments. 


iD epee of the type of trouble a good 
classification and coding system can avoid are 
easily illustrated. An urgent order is held up 
for want of material. Is there a suitable alterna- 
tive in the stores? Unless a quick and simple 
means of identifying the material is available 
the answer to this question probably cannot be 
obtained. As an indication of the complexity of 
this apparently simple problem, the same 
material polyvinyl chloride is commercially 
available under the following proprietary names: 
BX.PVC, Capovin, Corvic, Craylene, Duraplex, 
Erinoid PVC, Flexatex, Ken-u-tuf, Koroseal 
PVC, Li-Lolastic, Marvinol, Periflex, Rilene, 
Vinatex, Vinylite, Welvic, and this is by no 
means a complete list. 

Similarly, when a new product is being 
designed does the drawing office examine all 
existing comparable drawings to establish 
whether components already designed, and 
their tools, can be used in connection with the 
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new product? More often than not each 
drawing will be detailed anew without regard 
to previously designed components because it 
takes too much time to locate existing old 
drawings. 

Classification is also, of course, a necessary 
prerequisite to the mechanization of accounting 
operations. Book-keeping, accountancy de- 
cisions and the maintenance of ledgers—the 
larger and more complex the business the more 
pieces of paper and entries to be handled. 
Frequently it is found that diverse individual 
methods of identifying data are preventing the 
integration of information in a common system 
and, consequently, also preventing mechaniza- 
tion of that system. 

It is commonplace that, with a_ logical 
classification system, the code numbers by which 
customers are identified can be made to convey 
information about the customer in addition to 
providing an identification. Using such a 
technique, an insurance company, for instance, 
can easily select samples relating to any 
particular type of policy and risk. 
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There are many classification and coding 
systems in existence. Those of the ‘‘universal” 
kind used in libraries represent a necessary part 
of the organization of library information, the 
entire recorded world of knowledge being both 
their scope and content. These codes, however, 
comprised of parts of varying length, are too 
long and therefore unsuitable for application 
outside library work. 

For business and industry, classification 
systems need not be so wide in scope, the main 
task being to classify ‘“‘items’’ and ‘“‘facts.’ 

The operation of reducing the description of 
an item to a numerical symbol is, in its simplest 
form, the allocation of a number to a recorded 
description of the item, with each additional 
item numbered in sequence. Little or no 
thought is required to inaugurate such a 
system: the reference numbers represent the 
registration of items in the chronological order 
of their occurrence. But this numerical value 
neither describes the item in a manner in which 
its recurrence can be detected, nor does it 
achieve a rational arrangement of items. 
Further, the method relies upon the memory of 
the individual allocating the numbers. 

While it is accepted that certain information 
must be sequentially numbered, business items 
and facts do not generally fall into this category 
because they must be accurately identified and 
controlled. 


’ 


Qualities of a classification system 


What are the qualities a good system must 
possess? First, the scope of classification must 
be established and correctly defined. Obviously, 
too, each item must be accurately identified 
from the user’s point of view so that all descrip- 
tions are technically correct and _ sufficiently 
complete. Next, all items must be classified so 
as to bring similar items together according to 
those features which are permanent and impor- 
tant. When this is done, duplication can be 
eliminated because closely similar items can be 
revealed for consideration as alternatives and 
equivalents. 

Whatever classification system is designed, it 
must cover the full range of items, leave 
sufficient room for expansion, and ensure that 
all headings are fully, accurately and indivi- 
dually descriptive, thereby avoiding the use of 
such imprecise terms as “Miscellaneous,” 
“Sundry” and that much overworked abbrevia- 
tion “Etc.” The following is an example of how 
the scope of a classification system is established 


APRIL-JUNE 1959 


and, bearing in mind the points mentioned, 
broken down into its constituent elements. If 
we consider a manufacturing firm, production 
is achieved 


o by organization, men and operations 
1 from primary materials 


2 and commodities, items bought out 
but not design controlled 
3 into components, design controlled 


4 and sub-assemblies and assemblies, 
design controlled 

tools and portable equipment 
machine tools and production 
plant 

7 with the help of — services and utilities 

8 leaving 


5 by means of 
6 and 


scrap and waste 


Such a breakdown as this defines the scope 
and all aspects of interest to an engineering 
manufacturing company. As will be seen, all 
items used in the company can be entered under 
one of the nine headings, or classes, given above 
and each class is identifiable by the first figure 
in the code number. For other types of company 
the scope and definitions chosen will be 
different, but the principle still applies. 

A good classification system will be repre- 
sented by a numerical’ code in which the form 
of notation reflects the pattern of the classifica~ 
tion structure. Each digit or group of digits 
represents the classified characteristics by virtue 
of value, position or sequence. Each item is 
identified by one number only. Adequate room 
exists for the introduction of new items without 
the fear of the code breaking down or the 
disruption of the systematical layout of the 
classification. The length of the code number is 
constant and consists of two parts, sometimes 
referred to as the surname and the christian 
name. 

It has been confirmed by users of digital 
computers that an industrial code of the form 
“surname, christian name”’ is of great practical 
value for all normal data input and output 
operations. Characteristics of greatest signifi- 
cance are recorded in the surname and lesser 
identifying details in the christian name. 

Two examples of a classification code of this 
type given in the table on the next page 
illustrate the principles discussed. 

Economy in storing this information in a 
computer, or presenting it at the input stage, or 
printing it at the output stage, can be achieved 
by handling the data in “‘strings,’’? where each 
string is identified by the code used for the 
surname and all the separate items are identified 
only by their christian names. ‘Thus data con- 
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" CHRISTIAN 
~~ SURNAME NAME 


Primary materials 


Iron. Carbon steels 
incl. spring steels 


Bars and wire in 
straight lengths 
Rd. Sq. Hex. 


Mild steel: Bright 
to B.S. 970 EN.3A 


DIAMETER 

1134 — 201 4 
1134 — 202 Sie 
1134 — 203 ie 
1134 — 204 Tei 

1134 — 205 a 
1134 — 206 3" 
1134 — 207 7 
1134 — 208 z" 
1134 — 209 fm 


1134 — 210 nea 
1134 — 201 fee 
1134 — 212 [eM 


CHRISTIAN 
SURNAME NAME 


Primary materials 


Iron. Carbon steels 
incl. spring steels 


Bars and wire in 
straight lengths 
Rd. Sq. Hex. 


Medium carbon steel: 
Bright, ‘30’ carbon, 
to B.S.970 EN.5. 


DIAMETER 

1136 — 201 re 
1136 — 202 ice 
1136 — 203 =: 
1136 — 204 Bee 
1136 — 205 a 
1136 — 206 fiw 
1136 — 207 a 
1136 — 208 oh 
1136 — 209 im 


1136 — 210 Je 
1136 — 211 ea 
1136. — 212 ew 


A classification code of the surname, christian name type. With 
a logical classification code the actual number used to identify an 
“item” or a “‘fact’’ describes its most important features. For 
instance, the christian name 209 means round, 1 inch in diameter 


cerning primary materials would be handled in 
this manner: 1134—201, 202, 203, 204, or 
1136—201, 202, 203, 204, and so on. By using 
this technique the load on data storage capacity 
and output printing is reduced by approximately 
one-third. 

From the foregoing the salient points of a 
good classification system are apparent. It will 
be noted that the same digit, or group of digits, 
in the same position in any code number 
indicates the same characteristic. For example, 
the 3 in both surnames represents “Bars and 
wire in straight lengths, round, square, hexa- 
gonal.” Similarly, the christian name 209 in 
both the numbers 1134—209 and 1136—209 
means round, | inch diameter. 
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Consequently, with a good classification 
system it is possible to select all those items 
possessing a similar characteristic although this 
characteristic is not one of the main ones 
covered in the surname. 

With or without electronic data processing, 
the logical classification of items and facts gives 
“the rules of the game” so necessary for the 
production of order throughout a system or 
organization. It is a fact that many data 
processing systems have been severely hampered 
in the past by the lack of good reliable classifica- 
tion of the information to be handled. In 
addition, bad classification can lead to data 
processing equipment of far greater capacity 
being required than is really needed. 
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